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SUBJECT:  Transmittal  of  Technical  Report  D-77-28 


TO:  All  Report  Recipients 


1.  The  technical  report  transmitted  herewith  represents  the  results  of 
one  of  the  research  efforts  (work  units)  under  Task  4A  (Marsh  Develop- 
ment) of  the  Corps  of  Engineers'  Dredged  Material  Research  Program 
(DMRP) . Task  4A  is  a part  of  the  Habitat  Development  Project  of  the 
DMRP  and  is  concerned  with  developing,  testing,  and  evaluating  the 
environmental,  economic,  and  engineering  feasibility  of  using  dredged 
material  as  a substrate  for  marsh  development. 

2.  An  intensive  study  of  the  underground  portion  of  selected  salt  marsh 
species  was  conducted  under  Work  Unit  4A04A2.  The  purpose  of  this 
research  was  to  describe  the  characteristics  of  natural  marsh  substrates 
and  to  define  the  interactions  between  marsh  plant  growth  and  each 
characteristic  of  the  substrate.  The  most  useful  combination  of  param- 
eters for  predicting  marsh  plant  success  was  found  to  be  soil  texture, 
pH,  salinity,  and  total  nitrogen.  Criteria  for  determining  when  the 
soil  conditions  in  a man-made  marsh  approximate  those  of  natural  marshes 
have  also  been  included  in  this  report. 

3.  This  work  unit  is  one  of  several  research  efforts  designed  by  the 
DMRP  to  document  marsh  productivity  and  the  factors  which  influence  that 
productivity.  Closely  related  work  units  are  4A04A1  and  4A04B,  which 
address  the  productivity  of  minor  marsh  species  along  the  Atlantic  and 
Gulf  coasts,  respectively;  4A04,  in  which  a simulation  model  to  predict 
salt  marsh  productivity  was  developed;  and  4A20,  a less  intensive  effort 
that  will  provide  a general  evaluation  of  salt  marsh  productivity  on  the 
Pacific  coast  of  the  United  States.  Additional  supportive  and  comparative 
data  will  be  forthcoming  with  the  final  analysis  of  the  results  of  field 
studies  at  Windmill  Point,  Virginia,  (4A11) ; Buttermilk  Sound,  Georgia, 
(4A12) ; Apalachicola,  Florida,  (4A19) ; Bolivar  Peninsula,  Texas,  (4A13); 
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Together  these  research  products  provide  the  Corps  with  a comprehensive 
basis  for  sound  management  decisions  regarding  habitat  development  on 
dredged  material  and  disposal  in  natural  marsh  habitats. 


JOHN  L.  CANNON 

Colonel,  Corps  of  Engineers 

Commander  and  Director 
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The  study  provides  information  applicable  to  marsh  development  on  dredged 
material,  particularly  methodologies  that  can  be  used  for  determining  which 
marsh  plants  will  be  likely  to  do  well  on  various  kinds  of  dredged  material  and 
when  a marsh,  which  has  been  established  on  dredged  material,  approaches  natural 
conditions. 

“^'The  overall  study  focuses  on'-t+wee- major  efforts;  >Bn  investigation  of 
underground  biomass  dynamics,'  characterization  of  soils  supporting  the  salt 
marsh  plants)  and  experimentation  on  the  substrate  selective  properties  of  sev- 
eca.1  of  the  marsh  plants  studied..'^  The  methods  and  results  for  the  specific  as- 
\pects  of  these  three  efforts  are  delineated  in  five  self-contained  sections  of 
the  r^eport:  "^underground  biomass  profiles  and  dynamics  in  Atlantic  coastal 
•.(liTrshes ,"  comparison  of  some  tidal  marsh  soils  along  the  Atlantic  Coast ,' response 
of  salt  marsh  plant  stands  to  a pulse  of  ammonium  nitrate)  salt  marsh  plant 
growth  on  three  types  of  dredged  material)  and  a bioassay  approach  to  studying 
marsh  plant  root  growth  in  natural  soil  and  dredged  material. 

Findings  of  the  studies  indicate  that  in  developing  salt  marsh  on  dredged 
material,  five  substrate  problems  should  be  considered:  stability  (dredged 
material  texture  and  exposure  to  wave  action);  pH  characteristics  (pH  in  situ, 
in  water,  and  in  buffer);  salinity  characteristics  (in  situ,  leacheable,  desali- 
nation index);  soil  characteristics;  and  nutrients,  of  which  nitrogen  appears  to 
be  the  key  element.  Depth  of  root  penetration  must  also  be  considered  when 
dredged  material  containing  contaminants  is  used. 

The  report  gives  recommendations  on  the  use  of  dredged  material  and  plant 
species  and  emphasizes  the  advisability  of  a field  bioassay  prior  to  dredging. 
While  it  is  not  yet  possible  to  predict  with  high  probability  the  success  of  a 
specific  plant  on  a specific  dredged  material  in  a specific  salinity  and  under 
a specific  tidal  regime,  the  report  shows  that  the  most  useful  combinations  of 
parameters  in  predicting  marsh  plant  success  are:  soil  texture,  pH  properties, 
salinity,  and  total  nitrogen. 

The  appendixes  were  prepared  on  microfiche  and  are  enclosed  in  an  envelope 
in  the  back  cover. 
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EXECUTIVE  SUMMARY 


This  report  summarizes  work  done  on  the  dynamics  of  the  underground 
portion  of  some  of  the  salt  marsh  plants  along  the  Atlantic  coast  of  the 
United  States,  the  characterization  of  soils  in  those  plant  stands,  and 
experiments  on  the  substrate  selective  properties  of  several  of  the 
plants. 

The  underground  biomass  profiles  and  dynamics  study'"  (Part  II)  in- 
volved year-long  sampling  programs  in  18  stands  of  salt  marsh  plants 
in  Georgia,  Delaware,  and  Maine.  Cores  of  the  marsh  were  taken  at 
monthly  or  bimonthly  intervals  and  the  cores  sectioned  into  depth  pro- 
files (0-5  cm,  5-10  cm,  10-15  cm,  15“35  cm,  and  35“55  cm  for  some  plants) 
and  the  macro-organic  matter  (MOM  - organic  matter  not  passing  a 1-mm 
sieve)  separated  by  washing  on  a 1-mm  sieve.  THe  MOM  was  dried  and 
profiles  and  seasonal  curves  plotted  from  these  data.  Three  types  of 
profiles  were  found  in  the  marshes.  In  the  first  the  concentration 
of  MOM  was  uniform  with  depth;  the  notable  example  of  this  type  was 
creekbank  Spartina  alterniflora  in  the  southern  part  of  the  coast.  A 
second  type  had  a high  concentration  at  the  surface  which  dropped  with 
depth.  Most  species  exhibited  this  type  of  profile.  Spartina  patens, 
al terni flora  from  the  high  marsh  along  the  southern  coast,  and  creek- 
bank  S.  al tern i flora  from  the  northern  range  (Maine)  are  examples. 

The  third  type  was  seen  where  a large  rhizome  mat  developed  at  15"20  cm 
below  the  surface.  This  type  of  profile  had  a relatively  low  biomass 
at  the  surface,  a higher  biomass  somewhat  below  the  surface,  and 


a low  concentration  below  that.  Spart i na  cvnosuroides  and  Phraqmi tes 


communi s were  typical  examples.  The  information  on  the  types  of  pro- 
files present  in  the  natural  marsh  will  be  useful  in  determining  when 
the  natural  profile  shapes  and  MOM  concentrations  have  been  achieved 
in  marshes  formed  on  dredged  material.  Since  the  underground  MOM  is 
important  in  stabilizing  the  dredged  material,  supplying  microbes 
with  organic  and  inorganic  nutrients,  and  thus  regulating  nutrient  ex- 
change between  the  soil  and  the  overlying  water,  achievement  of  the 
"natural  situation"  is  of  prime  importance  in  marsh-creation  projects. 
The  annual  highs  and  lows  of  MOM  biomass  were  used  to  calculate 

an  annual  increment,  which  can  be  considered  a minimum  annual  produc- 

2 

tion  value.  The  values  ranged  from  a low  of  80  g C/m  for  creekhead 

2 

al terni flora  in  Maine  to  a high  of  I69O  g C/m  for  Juncus  qerardi 

2 

in  Maine.  The  mean  for  all  stands  measured  was  654  g C/m  . Since 

the  average  carbon  content  of  the  MOM  was  35.3%,  this  corresponds  to 
2 

1852  g dry  weight/m  per  year  which  is  comparable  to  the  usually  re- 
ported aerial  production  for  marsh  macrophytes.  The  plants  are  there- 
fore allocating  a major  portion  of  the  photosynthate  to  the  underground 
portion  of  the  plant  and  the  food  web  dominated  by  meiobenthic  animals 
and  soil  microbes.  The  latter  group  is  particularly  important  in 
determining  the  cycling  concentrates  in  the  water  flowing  over  marshes. 

As  a measure  of  the  relative  activity  of  the  total  pool  of  macro- 
organic  material  in  the  soil,  a turnover  time  was  calculated  by  divid- 
ing the  total  macro-organic  matter  by  the  annual  increment.  While 
there  are  at  least  several  pools  with  turnover  times  varying  from  days 
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to  centuries,  the  overall  turnover  gives  a measure  which  can  be  used 
to  estimate  production  when  the  quantity  of  macro-organic  matter  is 
known  but  there  is  no  time  for  a yearlong  study.  The  turnover  time 
ranged  from  18  months  in  two  Georgia  plant  stands  to  224  months  for 
one  in  Maine.  In  the  two  instances  where  Maine  values  for  a species 
could  be  compared  to  those  from  Georgia,  the  turnover  time  was  less 
for  the  more  southerly  station.  This  probably  reflected  the  slower 
microbial  decay  rates  in  the  cooler  climate.  Thus  most  elements  are 
bound  to  large  particles  of  organic  matter  in  the  lower  temperature 
climate.  In  Georgia  and  Maine  where  the  turnover  values  for  a single 
species  were  determined  for  two  elevations,  the  time  was  less  for  the 
lower  elevation.  This  probably  resulted  from  greater  microbial  activ- 
ity associated  with  more  rapid  flushing  rates  of  water  through  the 
creekbank  soils.  The  mineral  composition  of  the  underground  portions 
of  the  plants  is  presented  in  Part  II  and  Appendix  B.  This  informa- 
tion can  be  used  to  determine  if  a planted  marsh  has  the  same  elemen- 
tal composition  as  a natural  one. 

Part  1 1 I of  the  report  describes  soil  profiles  in  plant  stands 
in  marshes  in  Georgia,  Delaware,  and  Maine.  These  descriptions  give 
data  which  are  useful  in  classifying  soils  associated  with  various 
marsh  plants  along  the  Atlantic  coast  and  would  be  useful  ih  evalua- 
ting to  what  extent  a marsh  developed  on  dredged  material  resembles 
a natural  marsh. 

In  addition  to  the  field  descriptions,  data  are  presented  which 
describe  the  physical  and  chemical  aspects  of  the  various  horizons. 
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The  most  important  of  these  for  predicting  the  success  dredged 
material  would  have  in  supporting  a given  plant  are  the  salinity 
characteristics  (salinity,  desalination  index),  pH  properties  (pH  in 
situ.  pH  in  water,  and  pH  in  buffer),  and  total  nitrogen  (N)  which 
can  be  obtained  either  directly  or  by  correlation  with  C content. 

Also  presented  are  data  on  leachable  ions.  These  ionic  data  were 
obtained  on  dried  soils  rather  than  those  kept  moist  and  under 
anaerobic  conditions.  This  was  done  although  the  anaerobic  moist 
condition  represents  the  natural  condition  under  which  these  soils 
exist.  The  authors  feel  that  the  extractions  under  any  conditions 
do  not  represent  the  actual  conditions  to  which  roots  are  exposed. 
Because  roots  are  continually  removing  nutrients,  the  flux  rate  rather 
than  the  pool  size  measured  by  extraction  is  the  most  important  factor 
to  consider.  Additionally,  no  chemical  extraction  can  duplicate  the 
roots'  capability  to  remove  nutrients.  Further,  it  is  doubted  that 
District  Engineers  would  have  facilities  to  take  and  ship  soil  samples 
under  anaerobic  conditions  and  have  labs  available  to  analyze  them 
under  those  conditions;  therefore,  the  soils  were  handled  as  typically 
done  by  agriculture  researchers.  District  Engineers  will  be  able  to 
handle  dredged  material  in  this  fashion  and  have  it  analyzed  in  local 
state  college  agricultural  experiment  stations.  The  success  agricul- 
ture researchers  have  had  in  predicting  yields  and  making  recommen- 
dations regarding  species  success  and  advising  fertilizer  and  lime 
requirements  has  been  based  on  correlations  between  soils  tests  and 
field  experiences  rather  than  absolute  tidal  concentration  of 
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nutrients.  In  this  study,  data  collection  was  begun  for  eventual 
prediction  capability.  The  data  represent  natural  soils  and  three 
widely  differing  types  of  dredged  material  from  Georgia. 

Part  IV  reports  on  the  response  of  marsh  plant  stands  to  a pulse 
of  nitrogen.  In  Georgia,  Sal i corn i a virgin ica  and  al terni flora 
responded  to  a 150  kg/ha  pulse  of  N (as  NH^NO^)  by  an  increase  in  bio- 
mass. Although  no  biomass  change  was  noted,  the  Sporobolus  virginicus 
plants  were  higher  in  nitrogen  than  the  control  plants.  Borr i ch ia 
frutescens  had  a higher  chlorophyll  concentration,  although  no  other 
response  was  detected  in  stands  of  Pi st i chi  is  spicata , cynosuroides , 
or  patens . In  Delaware  a positive  biomass  response  was  obtained  in 
stands  of  gerardi  and  vi rginica.  Although  no  biomass  differences 
were  measured,  the  treated  spicata  plants  were  significantly  higher 
in  chlorophyll  than  were  the  control  plants.  None  of  the  plant  stands 
in  Maine  responded  to  added  N.  This  might  be  expected  in  view  of  the 
high  levels  of  extractable  NH^  found  in  the  soil  (Part  Ml).  No  dif- 
ferences in  ability  to  remove  N from  various  application  depths  to 
35  cm  were  noted. 

Part  y of  this  report  deals  with  tests  of  marsh  plant  growth  on 
three  types  of  dredged  material  in  the  greenhouse  and  in  field  test 
sites.  Specific  recommendations  regarding  the  growth  of  species  or  sub- 
strates tested  are  given  in  this  section.  The  synthesis  of  this  and  the 
previous  section  is  that  it  is  not  possible  with  the  present  state  of 
knowledge  to  predict  with  high  probability  the  success  of  a specific  plant 
on  a specific  dredged  material  in  a specific  salinity  and  in  a specific 
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tidal  inundation  regime.  Therefore,  a bioassay  is  proposed  to  be 
made  by  District  Engineers  using  a series  of  modified  buckets  to 
check  plant  performance  at  specific  sites  prior  to  attempting  marsh 
establishment  on  dredged  material. 

Part  VI  deals  with  bioassay  techniques  designed  to  assess  root 
growth  in  specific  dredged  material.  The  method  is  presented  as  are 
specific  results  of  several  experiments.  In  a test  with  a freshwater 
plant  (Eleochari s obtusa) . the  best  growth  was  in  a sandy  dredged 
material  of  low  salinity.  Approximately  1/3  as  much  growth  occurred 
in  two  freshwater  muds.  Growth  in  a saline  sand,  a saline  silty  clay, 
and  a brackish  mixture  of  sand  ana  silty  clay  produced  only  1/7  the 
growth  obtained  with  low  salinity  sand. 

Soarti na  patens  root  growth  is  enhanced  when  whole  plants  are 
grown  under  cooler  rather  than  warmer  environmental  conditions. 
Spartina  patens  and  al terni flora  root  growth  did  not  differ  under 
drained  or  saturated  conditions  when  a sand  substrate  was  used.  Equal 
growth  was  obtained  with  either  10  or  20^  salinity.  Growth  in  natu- 
ral soil  was  6-12  times  greater  than  in  the  sandy  saline  dredged  mate- 
rial tested.  When  the  soil  temperature  was  lowered  while  air  tempera- 
ture remained  high,  three  species  of  Spartina  (^.  al terni flora. 
bakeri . and  patens)  showed  reduced  aerial  and  underground  growth. 
This  indicates  the  increased  root  growth  at  low  temperatures  seen  in 
two  earlier  experiments  where  whole  plants  were  subjected  to  the  tem- 
perature differences  was  either  a whole  plant  effect  or  an  effect  on 
the  shoots  alone. 
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In  drawing  conclusions  and  recommendations  from  these  studies, 
there  appear  to  be  five  substrate  problems  which  should  be  considered 
when  planning  to  create  a salt  marsh. 

1.  Stabi 1 i tv.  Two  factors  are  important  here:  exposure  to 
wave  action  and  dredged  material  texture.  Although  this 
problem  was  not  addressed  directly  in  this  study,  some  of 
the  results  are  pertinent.  The  development  of  a large 
root  underground  system  (roots  and  rhizome)  is  important. 
Particularly  effective  in  this  respect  are  patens . £. 
spi cata.  and  vi rgi ni cus . 

2.  pH  characteristics.  Basic  to  this  problem  is  the  cat  clay 
characteristic  of  soils  containing  sulfides.  In  this 
situation,  reduced  forms  of  sulfur  oxidize  when  the  sedi- 
ment is  exposed  to  ai r and  the  resulting  strong  acid 
causes  a sharp  drop  in  pH.  Examination  of  pH  in  situ, 

pH  after  drying,  and  pH  in  buffer  can  be  used  to  predict 
the  probable  extent  of  cat  clay  development. 

3.  Salinity  characteristics.  Coupled  with  salinity  tolerance 
is  drought  tolerance.  In  salt  marshes,  drought  conditions 
are  almost  always  coupled  with  high  salinity  situations. 

If  dredged  material  is  placed  in  subtidal  areas,  the 
drought  and  salinity  conditions  can  be  regulated  by  the 
final  elevations  of  the  created  island.  In  cases  where 
dredged  material  is  placed  on  existing  marsh,  salinity  and 
drought  conditions  will  often  be  accentuated  because  of  the 
high  elevation.  The  plants  found  to  be  most  tolerant  of 
these  conditions  are  _S.  patens . £.  spicata.  vi rgi ni cus . 
and  vi rqinica. 

4.  Elevation  (balance  of  air  and  water).  The  elevation 
factor  is  complex,  involving  salinity  and  pH  characteris- 
tics as  well  as  other  factors.  Since  dredged  material 
placed  low  in  the  intertidal  range  will  be  inundated  more 
frequently  and  for  longer  periods  than  that  placed  near 
the  upper  boundary  of  the  tides'  influence,  different  soil 
characteristics  will  develop  along  the  gradient.  Soil  pH 
will  usually  be  lower  in  the  upper  zone  because  of  oxida- 
tion of  sulfur  forms  in  the  better  drained  soils.  The  pH 
drop  may  be  dramatic  and  prevent  plant  growth  with  certain 
collections  of  sulfur  ion  species.  Salinity  will  be  more 
stable  where  tidal  water  frequently  flushes  the  soil.  In 
the  upper  reaches,  evapotranspi rat  ion  will  tend  to  concen- 
trate salt  and  fluctuations  will  be  too  great  for  many 
species  to  tolerate.  Soil  structure  may  also  be  influenced 
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by  salt  accumulation  resulting  in  the  reduced  percolation 
of  rainwater.  The  authors  believe  the  best  evaluation  of 
this  complex  factor  can  be  made  by  a bioassay  on  the  site. 

5.  Nutrients.  As  with  many  ecosystems,  N seems  to  be  a key 
element.  Only  in  sandy  dredged  material  does  it  seem 
probable  that  N wi 1 1 be  the  limiting  factor  to  the  growth 
of  the  plants. 

When  dredged  material  containing  contaminants  such  as  heavy 
metals  and  pesticides  is  used  for  marsh  development,  the  depth  to 
which  roots  penetrate  the  substrate  must  be  considered.  The  studies 
reported  herein  show  that  vi rginica  and  virqinicus  are  shallow- 
rooted  plants  (<  35  cm);  £.  alterniflora  at  high  elevations,  D^. 
spicata,  and  patens  are  medium  in  rooting  depth  (35-55  cm);  and 
al  tern  if  lora  plants  at  low  elevations,  roemerianus , and  P^. 
communis  are  deep-rooted  (>  55  cm). 
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UNDERGROUND  BIOMASS  DYNAMICS  AND  SUBSTRATE  SELECTIVE 


PROPERTIES  OF  ATLANTIC  COASTAL  SALT  MARSH  PLANTS 

PART  I;  INTRODUCTION 

Among  the  important  considerations  in  planning  the  development  of  a 
salt  marsh  on  dredged  material  is  the  substrate  selective  properties  of 
the  prospective  species  to  be  planted.  A number  of  questions  arise: 

1.  What  are  the  characteristics  of  the  dredged  material? 

2.  How  do  these  characteristics  change  when  the  dredged  material 
is  placed  at  various  elevations  in  the  intertidal  zone? 

3.  How  do  the  predicted  substrate  conditions  correlate  with  those 
found  in  the  soils  supporting  natural  stands  of  species  being 
considered  for  planting  on  the  site? 

4.  Based  on  root  system  dynamics  in  natural  marshes,  what  would 
be  a minimum  estimate  of  root  system  productivity  in  natural 
dredged  material  marshes? 

5.  Which  marsh  plants  will  form  dense  root  mats? 

6.  What  rooting  depth  is  characteristic  of  the  various  plants? 

The  approach  to  answering  the  questions  about  the  substrate  selec- 
tive properties  of  the  plants  was  to: 

1.  Characterize  the  natural  underground  productivity  and  organic 
matter  deposition  system  by  examining  the  dynamics  of  the 
underground  macro-organic  matter  in  natural  stands  of  marsh 
plants  in  Georgia,  Delaware,  and  Maine.  Methods  were  developed 
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which  would  enable  others  to  conduct  similar  evaluations  on 
marsh  species  not  included  in  this  study.  The  results  of 
these  studies  are  detailed  in  Part  II  of  this  report. 

2.  Characterize  the  natural  soil  systems  under  which  the  marsh 
plants  in  Georgia,  Delaware,  and  Maine  grow.  Methods  were 
selected  which  could  be  followed  by  District  Engineers  in 
these  local  situations.  This  study  was  intended  as  a begin- 
ning of  a data  set,  which  would  allow  correlation  of  marsh 
soil  and  dredged  material  parameters  with  observed  plant  estab- 
lishment success  and  productivity  measurement.  These  initial 
studies  are  summarized  in  Part  I I I of  this  report. 

3.  Since  high  marsh  a 1 tern i flora  responded  to  added  nitrogen 

in  Delaware,  North  Carolina,  and  Georgia,  it  was  hypothesized 
that  the  productivity  of  these  and  other  marsh  plants  may  be 
enhanced  at  varioL,=  sites  along  the  coast.  These  results  give 
an  indication  of  the  nutritional  state  of  the  natural  plants 
on  soils  with  certain  nutrient  characteristics.  This  informa- 
tion will  be  valuable  in  predicting  the  probable  response  of 
the  plants  to  fertilizer  added  to  plants  being  established  on 
dredged  material.  Part  IV  of  this  report  contains  the  results 
of  a study  of  plant  stands  along  the  western  coast  of  the 
Atlantic  Ocean. 

4.  There  are  many  types  of  dredged  material,  many  species  of 
plants,  and  even  more  sets  of  environmental  conditions  under 
which  they  may  be  placed.  Since  it  was  not  practical  to  test 


19 


all  combinations,  it  was  felt  that  bioassay  procedures  should 
be  developed  for  growing  plants  on  a variety  of  dredged  mate- 
rial under  various  conditions.  Both  a field  and  a laboratory 
bioassay  test  were  developed  and  tested  which  are  described 
in  Parts  V and  VI  of  this  report.  In  addition  to  the  method- 
ology, these  sections  report  on  several  practical  problems 
that  were  examined  using  dredged  material  from  five  sites. 
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PART  II:  UNDERGROUND  BIOMASS  PROFILES  AND  DYNAMICS 
IN  ATLANTIC  COASTAL  MARSHES 


Introduction 

Many  studies  of  aerial  plant  parts  have  been  reported  in  the 
literature,  but  the  dynamics  of  the  underground  portions  of  salt  marsh 
plants  have  received  little  attention.  Most  of  the  fixed  carbon  re- 
serves of  salt  marshes  are,  however,  in  the  soils  (Gallagher,  197^; 
Valiela  et  al.,  1976).  Almost  all  of  the  macro-organic  matter  (re- 
tained on  a 1-mm  sieve)  in  Georgia  salt  marshes  is  identifiable  as 
root,  rhizome,  or  stem  base  material. 

The  dynamics  of  the  macro-organic  matter  (MOM)  pool  is  the  net 
result  of  numerous  processes.  Those  which  add  to  the  pool  are  root, 
rhizome,  and  stem  base  growth,  as  well  as  storage  of  photosynthate. 
Translocation  to  aerial  structures,  physical  disintegration,  and 
microbial  decay  I'emove  material  from  the  pool.  The  study  was  de- 
signed to  examine  the  dynamics  of  the  MOM  carbon  pool  in  salt  marshes 
along  the  eastern  coast  of  the  United  States.  This  knowledge  is  im- 
portant to  understanding  soil  development  and  stability,  microbial 
dynamics,  and  ecosystem  energetics  in  the  various  marsh  types  along 
the  latitudinal  gradient.  Knowledge  of  the  underground  biomass  in 
these  natural  marshes  can  act  as  a guide  to  evaluating  the  maturity 
of  a developing  marsh  on  natural  substrate  or  dredged  material. 
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Methods 


A sampling  program, descri  bed  in  Table  1,  was  conducted  from  March 
1972  to  April  1975.  Study  sites  were  chosen  in  Georgia,  Delaware,  and 
Maine  since  they  represented  the  extremes  and  a central  location  where 
marshes  are  abundant  along  the  United  States  Atlantic  coast.  The  ac- 
cessibility of  the  marsh  and  availability  of  laboratory  facilities 
were  of  secondary  consideration  in  choosing  site  locations.  In  Georgia, 
areas  near  the  University  of  Georgia  Marine  Institute  were  selected. 
Soarti na  cvnosuroi des  was  sampled  on  a small  island  near  the  mouth  of 
the  Altamaha  River  where  water  salinity  was  usually  less  than  3^. 

Borr ichi a f rutescens . Pi stichl i s spi cata.  I va  f rutescens . Spartina 
patens,  and  Sporobol us  vi rginicus  were  sampled  in  marshes  developed 
along  creeks  behind  the  dune  complex  on  the  eastern  side  of  Sapelo 
Island.  Sparti na  al terni flora.  Juncus  roemeri anus . and  Sal i corn i a 
vi rqj  ni ca  were  studied  in  the  Duplin  River  Estuary  on  the  western  side 
of  Sapelo  Island.  All  of  the  plants  in  Delaware  were  sampled  in 
Canary  Creek  Marsh  near  Roosevelt  Inlet  in  Lewes,  Delaware.  The  Maine 
study  sites  were  in  Franklin  County.  Juncus  qerardi  and  creekbank 
a 1 terni flora  were  collected  along  Northeast  Creek  west  of  Salisbury 
Cove,  and  patens  and  creekhead  al terni flora  were  sampled  in 
marshes  on  the  south  side  of  Hoy  Bay  near  its  head. 

Samples  were  collected  and  processed  for  macro-organic  matter  con- 
tent by  the  methods  described  by  Gallagher  (1974)-  An  aluminum  coring 
device  was  used  to  collect  underground  organic  matter  samples,  which 
were  washed  free  of  the  mineral  and  micro-organic  matter  over  a 1-nn 
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Table  1 

Underground  Biomass  Sampling  Program  in  Atlantic 
Coastal  Marshes  of  the  United  States 


Location  and 

Number 

Sampl i ng 
Intervals 

Plant 

Sampl i ng  Period 

of  Cores 

(wks . ) 

Borrichia  frutescens 

GA(8/73-9/7A) 

5 

8 

Distichl is  spicata 

GA(8/73-9/7'*) 

5 

8 

01(8/73-9/7^) 

5 

8 

Juncus  gerardi 

DL  (8/73-9/7'*) 

5 

8 

me(6,8,9/7'*;'*/75) 

5 

8 

Juncus  roemerianus 

GA(3/72-3/73) 

6 

k 

Phragmites  communis* 

01(10/73-9/7'*) 

3+3** 

8 

Salicornia  virginica 

GA(8/73-9/7'*) 

5 

8 

01(10/73-12/7'*) 

5 

8 

Spartina  cynosuroides 

GA(10/73-1/75) 

3+3** 

8 

Spartina  alterniflora 

Creekbank 

GA(3/72-2/73) 

6 

i* 

ME(6,8,9/7'*;'*/75) 

5 

8 

Creekhead 

me(6,8,9/7'*;'*/75) 

5 

8 

High  marsh 

GA(3/72-2/73) 

6 

Spartina  patens 

GA(8/73-9/7'*) 

5 

8 

DL(9/7'*-8/75) 

5 

8 

Sporobolus  virginicus 

ME(6,8,9/7'*;'*/75) 

GA(  10/73- 11/7'*) 

5 

8 

* Phragmites  communis  i 

s a commonly  accepted 

name  for  the  common  reed 

and  appears  throughout 

many  current  literary 

works,  however 

, the 

U.  S.  National  Herbarium  has  recently  accepted  P^.  austral  is  as  the 
proper  name  for  this  grass  (Personal  Communication,  2 August  1977, 

Dr.  Thomas  R.  Soderstrom,  Agrestologist,  Dept,  of  Botany,  Smithsonian 
Institute,  Washington,  D.  C.). 

**  3 cores  taken  over  stems  and  3 between  stems. 
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sieve  with  water.  Samples  dried  at  6(fC  were  ground  to  pass  a 40-mesh 
sieve  and  analyzed  for  carbon  content  with  a Leco  WR12  Carbon  Deter- 
minator. Nitrogen  was  determined  by  the  Kjeldahl  method  and  P,  K,  Mg, 
Ca,  Mn,  and  Fe  were  assayed  by  spark  emission  spectrometry  (Jones  and 
Warner,  1969)- 


Results  and  Discussion 

Macro-organic  Matter  Profiles 

Macro-organic  matter  profiles  in  the  marshes  were  of  three  shapes 
(Figure  1).  In  the  first  type,  the  concentration  was  relatively  uni- 
form with  depth.  Macro-organic  matter  concentration  was  highest  at  the 
surface  and  decreased  with  depth  in  the  second  type.  The  third  type 
had  a relatively  low  concentration  near  the  surface,  the  highest  con- 
centration somewhat  below  the  surface,  and  low  concentrations  at 
greater  depth.  The  marsh  types  exhibiting  the  three  profile  types 
are  listed  in  Table  2. 

Biological,  physical,  and  chemical  factors  influence  the  shape 
and  MOM  concentrations  in  the  profiles.  Plant  stem  growth  has  both 
an  input  and  an  output  role.  When  stems  are  initiated  from  rhizomes, 
they  can  increase  the  underground  biomass,  assuming  some  of  the  input 
is  coming  from  current  photosynthesis  and  not  exclusively  from  long- 
term stored  material  in  rhizomes.  Work  by  Hull  et  al.  (1972)  indi- 
cates the  former  is  likely.  Once  the  young  stems  break  the  soil,  any 
translocation  to  aerial  tissue  represents  an  output.  Root  and  rhizome 
production  have  only  an  input  role.  Type  1 profiles  were  present 
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DEPTH  (cm 


Figure  1 


Table  2 

Macro-organic  Matter  Profile  Types  Exhibited  by  Various  Marsh  Plants 
at  Three  Areas  of  Eastern  Coastal  Marshes  of  the  United  States 


Plant 

Borri chi  a f rutescens 
Pi stichl i s spi cata 
Juncus  qerardi 
Juncus  roemer i anus 
Phraqmi tes  commun i s 
Sal i corn i a vi rqinica 
Spartina  cynosuroides 
Sparti na  al tern i flora 
C reekbank 
C reekhead 
High  marsh 
Sparti na  patens 
Sporobol us  vi rqinicus 


Locat i on  * 

Georgia  Del awa re  Maine 


3 

2 2 
2 


1 

2 

2 

2 


3 

1 


* Numbers  correspond  to  type  of  profile  shown  in  Figure  I. 
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where  root-shcx)t  ratios  were  low.  In  Type  2 profiles,  nx)st  of  the 
living  roots  and  rhizomes  were  concentrated  within  the  top  10  cm, 
whereas  in  Type  3 profiles,  a thick  rhizome  met  is  located  10-20  cm 
below  the  surface. 

Except  in  unusual  circumstances,  the  shape  of  the  profiles  is 
dependent  primarily  on  plant  species.  In  Georgia  a natural  _S.  alter- 
n i f 1 o ra  marsh  forming  on  a protected  sand  beach  developed  the  typical 
Type  2 profile  in  2 years.  Although  the  concentration  of  MOM  was 
somewhat  lower  than  in  older  adjacent  marshes,  the  shape  of  the  pro- 
file was  the  same.  Similar  results  were  obtained  with  vi rqi ni cus 
which  developed  its  typical  Type  2 profile  within  18  months  after 
being  planted  on  3 types  of  dredged  material  in  Georgia. 

The  major  departure  from  a single  profile  type  for  a single 
species  was  seen  with  _S.  a 1 tern i flora,  which  grew  in  a wider  range 
of  sites  both  lati tudinal 1y  and  at  various  habitats  at  a single 
latitude.  In  Georgia  the  creekbank  a 1 tern i flora  has  a Type  1 pro- 

file while  that  growing  further  north  has  a Type  2.  Current  evidence 
is  that  these  differences  are  environmental  rather  than  genetic.  The 
deeper  rooting  pattern  may  be  due  to  better  water  movement  in  the 
creekbank  soils  (Odum  and  Riedeburg,  1976).  The  higher  salinity  of 
the  soils  in  the  high  marsh  (35-40^^  compared  to  20-28^  on  the  creek 
bank)  may  restrict  the  roots  to  the  upper  zone  where  rainfall  and 
tidal  water  keep  the  salinities  lowest.  Haines  and  Dunn  (1976)  have 
reported  a reduction  in  root  growth  associated  with  higher  salinity 
med i a . 
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When  apparent  anomalies  occur,  the  historical  aspect  of  the 
development  of  the  marsh  may  be  important  in  determining  the  type  of 
profile  found.  Fox  example,  the  typical  vi rgi nica  stands  in  Dela- 
ware had  Type  2 profiles,  but  one  stand  was  cored  which  had  a Type  1. 

By  examining  the  MOM  and  the  soil,  it  was  found  that  the  site  had 
been  a S..  alterniflora  marsh  on  which  a thin  layer  of  dredged  material 
had  been  deposited.  This  latter  substrate  was  the  site  for  the  S^. 
vi  rqinica  development.  The  S..  vi  rgi  nica  root  system  provided  the  total 
input  of  MOM  in  the  upper  15  cm  and  the  smothered  al terni flora  that 
for  the  next  20  cm;  these  two  superimposed  Type  2 profiles  produced  a 
Type  1 profile. 

Although  the  concentration  of  macro-organic  matter  changed  during 
the  year,  the  shape  of  the  profiles  did  not  change  significantly  in 
most  cases  (Figure  2).  The  major  shift  was  from  a Type  2 profile 
toward  a Type  1 as  the  macro-organic  matter  in  the  upper  portion  of 
the  profile  decayed.  Since  all  stands  were  sampled  at  8-week  inter- 
vals, it  was  possible  to  plot  an  annual  cycle  for  each  species.  In 
some  stands  of  marsh  plants,  clear  smooth  annual  cycles  in  macro- 
organic  matter  were  measured  (Figure  3)  while  in  others  the  cycle  was 
less  clear  (Figure  4).  In  most  stands  the  culm  density  wis  high 
enough  that  the  cores  were  large  enough  to  produce  means  with  satis- 
factory variability.  In  the  stands  of  cvnosuroi des  and  Phraqmi tes 
common i s . random  samples  gave  very  variable  results  and  collection 
procedures  were  modified  to  remove  a pair  of  cores  at  randomly  select- 
ed points.  One  core  was  removed  from  directly  over  a cut  stem  base 
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Annual  Cycle  of  Macn 
in  a Stand  of  I 


Stand  of  Sporobol us  vi rgi ni cus  i n Georgia. 
Bars  Represent  + 1 SE 


while  the  other  member  of  the  pair  was  taken  from  between  the  stem 
bases.  The  annual  cycle  of  these  two  areas  within  the  stand  of 
cvnosuroides  is  illustrated  in  Figure  5*  Data  for  each  sampling  date 
for  the  various  plant  stands  are  found  in  Appendix  A, 

Annual  Increment  of  Macro-organic  Matter 

These  cycles  were  used  to  calculate  an  annual  increment  of  macro- 
organic  matter  for  each  stand.  The  maximum  was  taken  as  the  mean  of 
the  several  highest  readings  and  the  minimum  as  the  mean  of  the  several 
points  from  the  low  part  of  the  cycle.  This  method  had  the  effect  of 
minimizing  the  increment.  Furthermore,  the  points  used  in  calculating 
a mean  were  not  statistically  significantly  different  from  one  another. 

The  carbon  contents  of  the  underground  biomass  in  the  various 
marsh  plant  stands  are  shown  in  Table  3 and  were  used  to  convert  the 
dry  weight  data  to  a carbon  base.  No  seasonal  differences  in  carbon 
content  were  detected  and  all  measurements  were  pooled  for  each  stand. 
The  results  of  the  annual  increment  calculations  are  summarized  in 
Table  4.  These  values  may  be  taken  as  minimum  underground  production 
figures.  They  err  on  the  low  side  because  the  underground  parts  die 
and  decay  during  the  growing  season.  Total  production  for  the  species 
cannot  be  obtained  by  adding  the  underground  production  to  aerial  pro- 
duction since  translocation  between  the  underground  and  aerial  parts 
of  the  plants  will  result  in  the  same  photosynthate  being  counted 
twice.  The  total  minimum  production  estimate  must  be  based  on  total 
maximum  and  minimum  biomass  data  obtained  from  a simultaneous  aerial 
and  underground  sampling  program. 


n a Stand  of  Spartina  cynosuroi des  in  Georgia 
Solid  Line  Represents  Cores  Taken  Over  Stems; 
Broken  Line  Represents  Cores  Removed  from 


Table  3 
2 

Carbon  Content  (q  C/m  ) of  the  Underground  Biomass 
in  Stands  of  Salt  Marsh  Plants 


Georqia 

Del awa re 

Ma  i ne 

Species 

X 

SE 

N 

X 

SE 

N 

X 

SE 

N 

Borrichia  frutescens 

39.2 

1.4 

7 

— 

— 

Distichlis  spicata 

39.3 

2.5 

14 

39.7 

0.8 

43 

— 

Juncus  qerardi 

— 

39.4 

0.9 

29 

33.4 

1 . 1 

20 

Juncus  roemerianus 

39.9 

— 

— 

Ph raami tes  commun i s 

— 

37.0 

1.2 

27 

— 

Salicornia  virqinica 

32.4 

1.0 

11 

37.0 

1.8 

16 

— 

Spartina  cvnosuroides 

36.5 

0.9 

25 

— 

— 

Spartina  alterniflora 

C reekbank 

36.5 

— 

36.6 

0.7 

20 

C reekhead 

— 

— 

39.5 

3.8 

9 

High  marsh 

38.1 

— 

-- 

Spartina  patens 

38.8 

1.2 

8 

31.8 

2.6 

12 

40.6 

0.4 

20 

Sporobolus  virqinicus 

38.0 

2.6 

11 

-- 

-- 

X = arithmetic  mean,  SE  = standard  error  of  the  mean,  N = number  of  samples. 
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Table  4 

Annual  Increment  and  Turnover  Times  of  the  Underground 
Macro-organic  Matter  in  Stands  of  Salt  Marsh  Plants 


Annual  Increment 

Turnover  Ti 

me 

Plant 

G 

(g  C/m^) 

D 

M 

G 

(months) 

D 

M 

Soartina  alterniflora 

C reekbank 

771 

- 

476 

18.5 

- 

118.8 

C reekhead 

- 

- 

80 

- 

- 

224.4 

Hi gh  marsh 

768 

- 

- 

57.1 

- 

- 

Soartina  oatens 

117 

149 

220 

67.8 

91.6 

91.6 

Soartina  cvnosuroides 

1304 

- 

- 

28.0 

- 

- 

Soorobolus  viroinicus 

221 

- 

- 

33.9 

- 

- 

Di  St  i '-hi  i s soi cata 

424 

1348 

- 

40.6 

39.5 

- 

Phraqmites  communis 

- 

1338 

- 

- 

27.4 

- 

Juncus  aerardi 

- 

1686 

543 

- 

22.1 

45.6 

Juncus  roemerianus 

1338 

- 

- 

44.0 

- 

- 

Salicornia  virqinica 

142 

528 

- 

26.4 

24.5 

- 

Borrichia  frutescens 

321 

- 

- 

18.4 

- 

- 

G = Georgia,  D = Delaware,  M = Maine. 
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The  time  to  turn  over  the  total  macro-organic  matter  pool  in  the 
soil  was  calculated  by  dividing  the  increment  into  the  maximum  biomass. 
This  total  pool  is  no  doubt  composed  of  several  sub-pools  with  differ- 
ent turnover  times,  with  the  most  rapid  turnover  in  a matter  of  days 
and  the  most  refractory  taking  centuries. 

In  Georgia  stands  of  S_.  al  tern  i flora,  the  creekbank  and  high  marsh 
had  equal  annual  increments  but  the  turnover  time  was  much  more  rapid 
in  the  creekbank  area  due  to  the  threefold  greater  quantity  of  MOM  in 
the  high  marsh.  In  comparing  the  Georgia  creekbank  with  a similar 
site  in  Maine,  the  increment  was  found  to  be  about  60%  of  the  Georgia 
stand  while  the  turnover  time  was  6 times  longer  in  the  cooler  area. 

On  the  other  hand,  the  annual  increment  of  _S.  patens  increased  with 
latitude.  This  might  be  expected  since  patens  is  a much  more  im- 
portant component  of  the  marsh  flora  at  the  higher  latitudes.  Simi- 
larly, D^.  spi cata. whose  annual  increment  increased  with  latitude,  is 
more  prevalent  in  the  Delaware  marsh  than  in  Georgia. 

These  data  indicate  that  the  dynamics  of  the  underground  macro- 
organic  matter  is  as  great  or  often  greater  than  the  aerial  dynamics. 
The  factors  regulating  the  translocation  of  photosynthate  to  the  under- 
ground pool  and  the  dispersion  of  this  stored  carbon  either  back  to 
the  aerial  parts  of  the  plant  or  to  the  soil  detritus  food  web  are  of 
immense  consequence  to  the  salt  marsh  ecosystem  and  are  now  the  sub- 
ject of  this  research. 
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Mineral  Composition 


The  mineral  composition  of  the  underground  macro-organic  matter 
was  typified  by  the  2-  soicata  data  shown  in  Table  5-  Data  on  the 
mineral  composition  of  other  species  are  found  in  Appendix  B.  Nitro- 
gen, phosphorus,  and  potassium  all  decreased  with  depth.  The  deeper 
samples  appeared  to  contain  more  dead  material  and  hence  would  be 
expected  to  have  lower  quantities  of  the  macronutrients.  Nitrogen, 
for  example,  will  likely  be  conserved  and  removed  from  the  dying 
tissue.  Since  the  potassium  is  not  bound  to  compounds  in  the  plants 
but  exists  as  a free  ion,  it  will  leach  quickly  when  the  integrity 
of  the  membranes  is  lost  as  the  cells  senesce.  No  particular  pattern 
was  seen  for  Ca,  Mg,  Mn,  or  C;  but  a pattern  similar  to  that  for  N, 

P,  and  K was  observed  for  Zn. 

When  the  quantity  of  N bound  in  the  MOM  was  compared  along  the 

latitudinal  gradient  using  June  harvest  data,  the  highest  quantity 

was  found  at  the  most  northerly  sites  in  4 of  the  5 cases  studied 

(Table  6).  In  all  cases  the  C:N  ratio  decreased  with  increasing 

latitude.  The  mean  areal  nitrogen  content  for  the  underground  MOM 

2 

for  all  the  species  studied  was  65.4  g N/m  with  a coefficient  of 
variation  of  70.  The  mean  C:N  ratio  for  the  same  species  was  35.5 
with  a coefficient  of  variation  of  only  19.  Thus  the  relative  amount 
of  N to  the  C present  is  more  consistent  from  one  plant  stand  to 
another  than  is  the  absolute  amount  of  N. 
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Mineral  Composition  of  Underground  Macro-organic  Matter  in  a Stand  of 
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Table  6 

O 

Grams  N/m  to  a Depth  of  35  cm  and  C:N  Ratios  of 
Underground  Macro-organic  Matter  from  Stands  of  Marsh  Plants 


PI  ant 

Location 

g N/m^ 

C:N 

Borrichia  frutescens 

GA 

12 

39 

Di stichl i s soicata 

GA 

44 

33 

DL 

156 

28 

J uncus  qerardi 

DL 

94 

33 

ME 

68 

30 

Juncus  roemerianus 

GA 

123 

40 

Phraomites  communis 

DL 

83 

37 

Sal i corn i a vi rg in i ca 

GA 

12 

27 

DL 

41 

26 

Soartina  cvnosuroides 

GA 

70 

41 

Soartina  alterniflora 

GA* 

98 

38 

MEt 

129 

32 

Soartina  patens 

GA 

14 

48 

DL 

27 

45 

ME 

61 

29 

Soorobolus  virginicus 

GA 

15 

42 

* High  marsh, 
t Creekbank. 
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PART  III:  COMPARISON  OF  SOME  TIDAL  MARSH  SOILS 
ALONG  THE  ATLANTIC  COAST 


I ntroduction 

Interest  in  salt  marsh  soils  has  increased  since  the  value  of  marshes 
as  natural  resources  and  as  their  potential  for  development  has  been 
realized.  Concern  has  developed  about  how  to  restore  damaged  marshes  or 
create  new  marsh  areas  to  replace  those  destroyed  by  development  and 
pollution.  The  U.  S.  Army  Corps  of  Engineers  has  taken  the  initiative  in 
creating  marshes  on  dredged  material.  A knowledge  of  the  properties  of 
marsh  soils  is  necessary  for  two  reasons.  First,  the  description  of  marsh 
soils  is  useful  in  order  to  predict  the  soil  requirements  for  various 
plants.  Second,  the  information  enables  the  scientist  to  tell  how  far  a 
newly  established  marsh  has  progressed  toward  the  conditions  of  a natural 
m jrsh. 

The  soil  descriptions  included  in  this  report  cover  a wide  range  of 
situations  from  Maine  to  Georgia.  They  were  selected  because  they  were 
believed  to  bracket  all  of  the  types  which  might  be  encountered  along  the 
east  coast  of  the  United  States. 


Methods 

The  approach  in  this  study  was  to  make  field  descriptions  on  the 
sites  by  either  working  from  the  faces  of  large  walk-in  pits  or  with 
shovel  samples  removed  from  small  (0.5  m ) pits.  The  former  technique 
was  used  in  the  better  drained  and  firmer  substrates  while  the  latter 
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was  used  in  areas  where  the  water  table  was  near  the  surface  or  the  sub- 


strate was  not  firm  enough  to  support  the  wall. 

Bulk  density  was  obtained  using  a series  of  short  cores  so  that 
compaction  would  not  be  a problem  (Gallagher,  197^).  In  situ  pH  was 
obtained  by  placing  the  probe  directly  in  the  moist  soil. 

Soil  samples  were  removed  from  each  of  the  horizons  and  returned  to 
the  laboratory  where  they  were  freeze-dried  and  ground  in  a Wiley  mill 
until  they  passed  a AO-mesh  sieve.  In  addition  to  the  soils  collected 
at  the  study  sites,  three  types  of  dredged  material  were  collected  and 
analyzed  in  the  same  way  as  the  soils.  All  materials  were  collected 
from  near  the  low  tide  elevation  and  are  thus  more  characteristic  of 
the  fresh  dredged  material  than  that  piled  high  in  the  intertidal  zone. 

All  samples  were  taken  from  dredged  material  placed  at  the  site  less 
than  90  days  earlier.  The  silt  and  clay  material  was  collected  from  a 
site  300  meters  north  of  the  drawbridge  leading  to  Jekyll  Island  on  the 
western  side  of  the  Inland  Waterway.  The  sand  substrate  was  collected 
from  the  eastern  side  of  Buttermilk  Sound  on  the  site  which  was  subse- 
quently to  be  a marsh-creation  site  developed  by  the  Dredged  Material 
Research  Program  (DMRP) . The  third  was  a sand  and  clay  mixture  collected 
from  the  north  side  of  the  Darien  River  where  it  intersects  with  May 
Hal  1 Creek. 

Salinity  characteristics  were  measured  by  putting  100  grams  of  soil 
on  No.  5^  Whatman  filter  paper  in  a funnel  and  leaching  it  with  successive 
50-ml  volumes  of  distilled  water.  Each  leachate  salinity  was  measured  and 
the  leachate  saved.  When  the  salinity  of  the  last  leachate  increment  was 
zero,  the  total  amount  of  water  was  called  the  leaching  volume.  The  soil 
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salinity  was  calculated  from  the  salinity  of  the  leachate  and  the  volume 
of  the  water  collected.  The  leaching  volume  was  divided  by  soil  salinity 
to  give  an  index  (desalination  index)  of  the  ease  of  removing  the  salt 
from  the  soil. 

The  pH  of  the  dried  and  oxidized  soil  was  measured  first  in  a 1:1 

w 

water: soil  mixture  (pH  ) and  then  after  treatment  with  buffer  solution 
0 

(pH  ) as  described  by  Adams  and  Evans  (1962).  Total  N content  was  deter- 
mined by  Kjeldahl  digestion  (Bremner,  1965).  A double  acid  extraction  of 
a soil  sample  was  performed  using  HCl  and  according  to  the  methods 

described  by  Nelson  et  al . (1953).  The  extract  was  analyzed  for  P,  K,  Ca, 
and  Mg  according  to  the  methods  described  by  Isaac  and  Jones  (1970). 

Sodium,  iron,  and  manganese  were  assayed  by  atomic  absorption  spectroscopy 
(Isaac  and  Kerber,  1971).  Ammonium  and  nitrate  nitrogen  were  measured 
by  the  methods  described  by  Bremner  and  Keeney  (1966)  and  chloride  by 
potent iometric  titration  (Lacroix  et  al.,  1970). 

Results  and  Discussion 

Soil  Profiles  and  Structure 

The  profile  descriptions  for  soils  from  Georgia,  Delaware,  and  Maine 
are  shown  in  Appendix  C.  Colors  were  primarily  blacks,  grays,  and  greens 
reflecting  the  waterlogged  reduced  nature  of  these  soils.  In  Georgia  and 
Delaware  the  soils  higher  in  the  intertidal  zone  tended  toward  lighter 
texture.  Since  these  soils  are  inundated  less  frequently  by  silt  and  clay- 
laden tidal  water,  deposition  of  finer  grade  sediments  was  less.  The 
coarse-grained  sediments  were  loose  with  little  evidence  of  ped  formation. 
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Similarly,  the  fine-grained  sediments  were  massive  and  little  structural 
development  occurred  presumably  because  of  the  effects  of  the  high  sodium 
content  of  the  soil.  In  the  gerard i stand  in  Delaware,  subangular 
blocky  peds  were  found. 

Bulk  density  profiles  for  soils  from  the  three  states  are  shown  in 
Figures  6,  7,  8.  The  Georgia  profiles  were  generally  more  uniform  with 
depth  than  were  those  from  the  other  two  states.  Two  groups  could  be 
distinguished  from  the  Georgia  set.  Salicornia  virqinica,  patens , and 
vi rg in i cus  wh i ch  developed  on  sandy  substrate  formed  one  group,  while 
f rutescens , D^.  spicata,  and  cynosuroides  which  developed  on  sub- 
strates composed  primarily  of  silt  and  clay  formed  a second. 

The  much  lower  bulk  densities  generally  measured  at  the  surface  in 
Delaware  and  Maine  reflect  the  greater  peat  development  at  these  locations. 
Slower  decay  rates  and  lower  silt  loads  in  the  water  are  probably  the 
major  factors  responsible  for  these  differences. 

The  in  situ  reaction  of  the  soils  varied  from  8.8  in  soil  horizon 
All  in  £.  spicata  in  Georgia  to  5.0  in  soil  horizon  A22g  in  £.  gerard i in 
Maine  (Appendix  C) . 

The  higher  values  are  typical  of  those  found  in  seawater.  Most  of 
the  values  were  close  to  pH  7.0  and  much  of  the  variation  around  that 
point  may  reflect  the  effects  of  the  wetness  of  the  soil  on  the  Na^,  H^O^ 
balance  in  the  soil  (Table  7).  As  the  moisture  increases  the  8^0^  becomes 
more  abundant  relative  to  the  Na"*"  and  more  H^O  is  associated  with  the 
cation  exchange  capacity  (C.E.C.)  sites  in  the  soil.  This  condition 
leaves  relatively  more  OH  in  solution  and  the  pH  rises.  In  the  cases 
where  the  pH  was  found  to  be  low,  organic  acids  resulting  from  anaerobic 
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SR-Sporobolus  vi rgi nicus.  SV-Sal i corn! a vi rginica 


CP-Carex  paleacea.  JG-Juncus  gerardi . SA(HB)-Spartina 
a1 terni f lora-Hoy  Bay  marsh,  SA(NE)-Spartina  al terni f lora- 
North  East  marsh,  SP-Spart ina  patens 


Table  7 

Effect  of  Soil-Water  Ratio  on  the  pH  of 
Spartina  alterniflora  Marsh  Soils 


Parts  Soils 

Parts  Water 

pH 

2 

0 

6.90 

2 

1 

7.05 

2 

2 

7.18 

1 

2 

7.34 

0 

2 

6.00 

decay  may  be  responsible  for  the  acidic  condition.  In  none  of  the 
cases  where  the  pH  was  low  did  the  soils  appear  well  enough  aerated 
to  have  oxidized  sulfides  and  thus  exhibit  the  cat-clay  phenomenon. 

Sal  in i ty 

The  salinity  characteristic  of  the  soil  (Table  8)  is  one  of  the 
important  properties  determining  which  plants  can  thrive,  or,  in  fact, 
survive.  The  first  characteristic  which  was  measured  was  the  salt  con- 
centration. These  data  indicate  the  salinity  characteristic  of  the  soil 
on  which  the  various  marsh  plants  grow.  These  numbers  do  not,  however, 
reflect  the  salinity  to  which  the  plants  are  exposed  since  the  moisture 
content  of  the  soil  will  cause  the  interstitial  water  salinity  to  vary 
widely.  Gallagher  and  Daiber  (197^)  reported  interstitial  water  sali- 
nities in  a salt  pan  ranged  from  3^%o  in  the  spring  to  89%^  in  the  summer 
Although  the  salinity  on  a dry  weight  basis  does  not  indicate  the  con- 
dition under  which  the  plants  might  be  growing  at  any  given  time,  it  is 
a relatively  conservative  property  which,  when  coupled  with  the  moisture 
content,  will  indicate  the  stress  under  which  the  plant  will  be  placed. 
The  three  types  of  dredged  material  from  Georgia  were  widely  different 
in  salinity,  and  hence  the  kinds  of  plants  they  might  support  would 
depend  on  the  moisture  regime  under  which  they  might  be  placed 
and  the  degree  to  which  they  were  leached  by  rainfall  or  low 
salinity  tidal  water.  In  order  to  determine  how  readily  the  salt 
could  be  removed,  the  soil  was  leached  with  increments  of  fresh  water 
until  no  more  salts  could  be  removed.  This  leaching  volume  was 
divided  by  the  salinity  to  give  a desalination  index.  The  higher  the 


Table  8 

Salinity  Characteristics  of  Soil  Horizons 
from  Several  Stands  of  Marsh  Plants 


Salt 


Species 

Depth 

(cm) 

Concen- 

tration 

(Xo) 

Leaching 

Volume 

(ml) 

(LV) 

Desal i - 
nation 

1 ndex 
(Dl) 

GEORGIA 

Borrichia  frutescens 

0-4 

17 

720 

42 

4-28 

8 

720 

90 

28-64 

1 1 

480 

44 

64-125 

12 

240 

20 

Distichlis  soicata 

0-37 

32 

1200 

38 

37-100 

18 

880 

49 

100-135+ 

13 

560 

43 

Salicornia  virqinica 

0-7 

16 

320 

20 

7-32 

21 

240 

11 

32-80 

19 

240 

13 

80-125 

19 

880 

46 

Soartina  cvnosuroides 

5-20 

6 

240 

40 

20-52 

4 

160 

40 

52-85 

6 

480 

80 

Spartina  patens 

0-25 

12 

160 

13 

25-47 

8 

240 

30 

47-130 

8 

240 

30 

130+ 

6 

240 

4o 

Sporobolus  virqinicus 

0-3 

7 

160 

23 

3-13 

9 

240 

27 

13-34 

7 

160 

23 

34-150+ 

6 

160 

27 

Dredged  material 

silt  & clay 

148 

2320 

16 

sand 

1 

20 

20 

sand  & clay 

9 

160 

18 

(Continued) 

LV  = volume  (ml)  of  fresh  water  necessary  to  remove  leachable 
salts  from  100  grams  of  soil 

D1  = leaching  volume  (LV)/soil  salinity  (^). 
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Table  8 (Continued) 


Sal  t 


Leach  I ng 

Desal i - 

Concen- 

Vo  1 ume 

nation 

Depth 

tration 

(ml ) 

1 ndex 

Soeci es 

(cm) 

(LV) 

(PI) 

DELAWARE 


Distichlis  spicata 

19-29 

II 

480 

44 

29-45 

9 

400 

44 

Juncus  qerardi 

0-20 

5 

400 

80 

20-30 

8 

320 

40 

30-50 

6 

240 

40 

50-80 

4 

160 

40 

Phraqmites  communis 

0-25 

0 

0 

25-75 

2 

160 

80 

75+ 

4 

240 

60 

Salicornia  virqinica 

0-8 

13 

560 

43 

8-53 

6 

240 

40 

53-70 

6 

240 

40 

Spartina  patens 

15-35 

22 

1120 

51 

35-65 

20 

960 

48 

65-100+ 

5 

560 

112 

MAINE 

Carex  paleacea 

0-23 

46 

2240 

49 

23-46 

21 

960 

46 

46-71 

14 

640 

46 

71-97 

9 

880 

98 

Juncus  qerardi 

0-3 

20 

960 

48 

3-8 

16 

720 

45 

15-25 

3 

240 

80 

25-30 

8 

320 

40 

30-43 

3 

240 

80 

43-89 

4 

320 

80 

89-114 

4 

320 

80 

(Continued) 


Table  8 (Concluded) 


Species 

MAINE,  continued 

Spartina  a1 terni flora 
creekbank 

Sparti na  a1 terni flora 
high  marsh 

Sparti na  patens 


Concen- 

Depth 

tration 

(cm) 

0-13  67 


13-28 

39 

28-41 

11 

41-91 

0 

15-25 

14 

25-61 

16 

61-94 

18 

0-8 

57 

8-15 

61 

15-28 

40 

28-61 

25 

61-102 

25 

Salt 


Leach  ing 

Desa 1 i - 

Volume 

nation 

(ml) 

1 ndex 

(LV)  _L0A} 

2080  31 


1 120 

29 

480 

44 

0 

0 

640 

46 

800 

50 

800 

44 

2720 

48 

1920 

31 

2320 

48 

1040 

42 

1200 

48 

51 


index  the  more  difficult  the  salt  was  to  remove.  In  the  case  of  the 
three  types  of  dredged  material,  although  the  salinity  was  greatly  dif- 
ferent and  leaching  volume  (LV)  varied  by  2 orders  of  magnitude,  the 
ease  with  which  each  unit  of  salinity  was  removed  was  similar.  In  con- 
trast, in  the  f rutescens  the  desalination  index  (Dl)  for  the  4-23  cm 
horizon  was  4.5  times  that  for  the  64-125  cm  zone. 

£H 

The  pH  characteristics  (Tables  9,  10,  11)  of  the  freeze-dried 

W B 

soils  are  expressed  as  pH  for  the  samples  mixed  with  water  and  pH 

for  those  measured  in  buffer.  When  these  are  combined  with  pH  in  situ, 

the  reaction  of  the  material  being  exposed  to  oxidation  can  be  assessed. 

W 

The  drop  in  pH  from  the  in  situ  reading  to  the  pH  measurement  indi- 
cates what  would  be  expected  if  the  substrate  were  placed  higher  in 

the  intertidal  zone  as  the  result  of  dredging  or  if  the  soils  were 

W 

drained.  While  the  pH  gives  an  indication  of  the  intensity  of  the 

g 

acidity,  pH  is  an  indicator  of  the  quantity  of  hydronium  ions  present. 

In  Table  9.  for  example,  the  pH  of  the  64-125  cm  horizon  in  f rutes- 

W 

cens  has  a pH  of  4.1  indicating  a low  pH  probably  caused  by  oxidation 
of  sulfides.  The  pH  is  7-5,  only  half  a unit  below  the  original 
buffer  pH  of  8.0  indicating  the  acid  buffering  capacity  is  not  great. 
This  contrasts  with  the  situation  in  the  0-37  cm  horizon  of  spicata 
(Table  9)  where  the  pH  was  5.0  and  the  pH  dropped  to  6.4  indicating 
a high  lime  requirement  to  neutralize  the  oxidation  effects. 
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Table  9 

Chemical  Properties  of  Tidal  Marsh  Soil  Along  the  Atlantic  Coast  (Georgia)-'-' 
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Table  9 (Concluded) 
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Properties  of  Tidal  Marsh  Soil  Along  the  Atlantic  Coast  (Delaware 
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Table  10  (Concluded) 
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Chemical  Properties  of  Tidal  Marsh  Soil  Along  the  Atlantic  Coast  (Maine)" 


0) 

o 

o 


cr\ 

O 


ro 

o 


o o o o 


ur\  -cf  CM  ro 
— — 00 


— 00  CO 
tnvO  CM  tA 


— ro  -d*  <A 


cr\  o — 00 

CA  CO  CM 


o o o o 


o o o o 
r^oo  -:t  o 


o o o o 
o o o o 

00  ^ lA  CM 

CA  CM  CM  CM 
A vD  -d-  00 


CM  CM  <A  CA 


CA  A CA  0> 
A A vD  A 


O O O O 
CM  — O — 
CT\  vO  A A 


O O O O 
A o 

C7>  A -d" 


A 00  AOO 
fA  — A 
A ^ ^ 


o 00  A 

CM  -If  AvD 


.^vOOCO  •OOOOvO 
vDOO-^  <rv*^v£)-±  A 

-d“  A 3*  — 00  3 

CM  CM 


ocM  — r^cMor^vO 
OOCMAAOOvOCM  — 


A-^.^’CM  — OOO 


CMOAOAOACM 
A-d'ACMO^  — — 


oooooooo 


CM  v£>  O -If  • ^ ^ -If 

— CM  CM  — • A AOO 

— — CM  _ ^ 


OOOOOOOO 

oooooooo 
OvDOO  r^AA03 

-d'OOVDcMOOCMOO 
A a>  A -d*  CM  CM 


cMO^^^oocM^^a^cM 

-d'ACM3-lfA-d"A 


oooooooo 

OAOO-d’OO^A 
»— ^vOor>.-d‘AN^ 


OOOAOOOO 
OAOvOAAOr^ 
CM  r^-if  cM^-^* 


CD 

CM  vD  CM 

X 

• • • • 

o. 

r^vo  vo 

fD 

4) 

-o 

O 

A A O O »- 

X 

<D 

• • • • (0 

a. 

4> 

A A A A 4- 

4) 

ID 

a 

a 

X 

i/l 

•M 

X 

00  00  00  3 

CL  E 

4) 

A ^ CM  A O 

0)  U 

u 

1 1 1 1 C 

O 

OJ 

O AOO  00  3 

o 

*—  CM  “> 

AOOOAAOAOO 
CMAOO  — OOCMOO 
A-d'AACMCMA^ 


003CMOOOOOO 
A CM  A ^ -d* 


v003  AvOvO-d’vD 

\.Oa33cmaacm 
\0  \0  AAAA-d’MD 


O CM  A A 

^ AvD  ^ A-d* 

I I I I I I I I 
O'—AVDOCMr^A 
I—  CA 


Q\ 

A 


CM  O vO 


— CM 
vO  vO  A 


CM  CM  CM 
AOO  •— 


CM  CM  CM 


VO  -If  -d- 
AAA 


CM  -d*  O 
oo'  -If 


o o o 
o o o 

A CM 

AAA 

vO 


CM  00  CM 
r^-d*  A 


o o o 

00  A-d* 
AOO 


o o o 

AAA 

vo  00 


o o o 

O 

O 

O O 

O 

o o 

o 

o 

o 

o o 

vO  ol  00 

O 

vO 

O \D 

CM 

O vO 

CM  vD 

o 

CM  00 

ro  O 

A 

o 

CT^  cvl  vO 

o 

A 

A CM 

CM  — 

CM 

CM  A 

CM 

CM  CM 

>- 

<0 

CD 

>• 

o 

X 


AAA 
vO  vO  vO 
vO  A A 


A3 

AAA 


A vO  3 
1^ 

A CM  00 
3*  A3* 


O 3 

CM  A 
I I I 
vO  O 3 

»—  CM 


X 

Q. 

0. 


0) 

U 

fD 

I/I 

C 

o 


0) 

X 


0) 

4) 


X 

2 


0) 

u 

(D 


•D 

C 

<TJ 


(Q  • 
•M  < 
O • 


57 


T 


Insufficient  amount  obtained  for  analysis. 
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Chemical  Properties 

Extractable  Ca  was  higher  than  Mg.  This  is  similar  to  the  situa- 
tion found  by  Coultas  and  Calhoun  (1976)  in  soils  in  north  Florida. 
Extractable  NH^  was  almost  always  several  times  to  an  order  of  magni- 
tude more  abundant  than  NO^  refelcting  the  generally  reduced  conditions 
in  these  soils.  The  trend  toward  more  extractable  NH^  with  increasing 
latitude  was  particularly  evident  when  the  Maine  soils  were  compared 
to  those  in  Delaware.  In  contract,  NO^  values  were  approximately  the 
same  at  all  latitudes.  Generally,  total  nitrogen  decreased  with  depth, 
but  this  trend  was  not  evident  in  several  of  the  Georgia  soils.  The 
correlation  between  total  carbon  and  total  nitrogen  was  high  (r  = 0.94) 
as  shown  in  Figure  9.  The  slope  was  significantly  different  from  0 
and  the  line  can  be  described  by  the  equation  Y = 13.16X  = 0.64. 
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Figure  9 

Total  N vs.  Total  C In  Marsh  Soils  from 
Georgia,  Delaware 
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PART  IV;  RESPONSE  OF  SALT  MARSH  PLANT  STANDS 
TO  A PULSE  OF  AMMONIUM  NITRATE 


Introduction 

Many  agricultural  and  natural  ecosystems  have  been  shown  to  be 
limited  in  productivity  by  available  nitrogen.  Valiela  and  Teal 
(1974)  measured  an  increase  in  plant  growth  in  a Massachusetts  Spar- 
t i na  marsh  with  the  addition  of  nitrogen.  Sullivan  and  Daiber  (1974) 
found  a similar  response  in  a Delaware  short  form  Spartina  alterni- 
f lora  marsh.  Broome  et  al.  (1973)  obtained  a similar  enhancement  in 
short  form  al terni flora  growth  in  North  Carolina.  Near  the 
southern  end  of  the  Atlantic  coast  where  al tern i flora  dominates 
the  intertidal  wetlands,  Gallagher  (1974)  reported  a response  in  the 
short  form  but  not  in  the  creekbank  al terni flora  stands  nor  in  an 
adjacent  Juncus  roemerianus  marsh.  Nitrogen  availability  seems  to  be 
limiting  in  some  tidal  marsh  situations  and  not  in  others.  There  is 
a need  for  understanding  nutrient  regimes  in  areas  where  the  less  abun- 
dant plant  species  grow  because  of  the  dredged  material  disposal  prob- 
lems faced  by  the  U.  S.  Army  Corps  of  Engineers.  The  disposal  of 
dredged  material  on  S^.  al  terni  flora  marshes  will  raise  the  elevation 
so  that  the  plants  invading  the  dredged  material  or  those  most  likely 
to  be  successful  if  planted  will  be  the  species  which  normally  occupy 
only  the  upper  fringes  of  the  marsh. 

The  investigations  reported  here  were  designed  to  answer  the 
following  questions  about  the  response  of  various  salt  marsh  species 
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along  the  Atlantic  coast  from  Georgia  to  Maine  to  a pulse  of  nitrogen 
added  as  NH^NO^. 

1.  Which  stands  will  respond  by  increasing  in  chlorophyll  con- 
centration, nitrogen  content,  or  biomass? 

2.  Are  certain  depths  of  application  more  effective  than  others 
in  affecting  the  parameters  listed  in  the  question  above? 

3.  As  indicated  by  rhodamine  dye  disappearance,  which  soils  have 
the  greatest  water  movement  and  hence  the  greatest  possibility 
of  nitrogen  leaching? 


Methods 

Plots  were  established  in  I7  plant  stands  along  the  coast  from 

Georgia  to  Maine  from  November  1974  to  May  1975-  The  plot  design  was 

a randomized  block  (4  replicates)  where  the  treatments  were  nitrogen 

as  NH^NOj  mixed  with  rhodamine  WT  dye  applied  below  the  surface,  at 

0-5  cm,  5~10  cm,  10-15  cm,  and  15-30  cm,  plus  a control.  A solution 

of  NH^NO^  was  prepared  such  that  nitrogen  was  injected  at  the  rate  of 

200  kg  N/ha.  Injections  were  made  with  a 50-ml  syringe  fitted  with  a 

specially  constructed  2-mm  inside  diameter  needle  sealed  at  the  end 

but  with  two  lateral  openings  5 mm  behind  the  tip.  Rhodamine  WT  dye 

2 

was  added  so  that  10  ml  was  added  to  each  0.10  m plot.  At  least 
30  individual  injections  were  made  in  each  plot  during  the  injection 
of  the  volume  of  150  ml  of  solution. 

After  a period  of  growth  (Table  12),  the  aerial  portions  of  the 
plants  were  harvested  and  the  fresh  and  dry  weight  (at  6CPC) 
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Table  12 

Date  of  Establishment  and  Harvest 
for  Nitroc)en  Pulse  Experiments 


Soecies 

Fstabl i shment 

Harvest 

Georgia 

Borrichia  frutescens 

Mar 

Jun 

Distichlis  spicata 

Nov,  Jan 

Jun 

Sal  i corn!  a virciinica 

Jan 

May 

Soartina  cvnosuroi des_ 

Mar 

Aug 

Soartina  patens 

Mar 

Jun 

Sporobolus  virqinicus 

Jan,  Mar 

Jun 

Delaware 

Distichlis  spicata 

Sept*,  Jan 

Jan,  Jun 

Juncus  qerardi 

Sept*,  Jan 

May,  Aug 

Salicornia  vi rqinica 

Mar 

Jun 

Spartina  patens 

Mar 

Aug 

Maine 

Juncus  qerardi 

May 

Aug 

Soartina  alterniflora 

May 

Aug 

Soartina  patens 

May 

Aug 

1974;  all  other  dates  1975. 
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determined.  Chlorophyll  was  extracted  in  acetone  (Strickland  and 
Parsons,  1968),  and  the  concentration  of  chlorophyll  A and  B was  deter- 
mined using  the  equations  of  Arnon  (19^9) • Two  cores  were  taken  in 
each  plot  to  a depth  of  35  cm  with  a piston  corer.  Both  were  section- 
ed 0-5,  5-10,  10-15,  and  13-35  cm.  One  was  washed  over  a 1-mm  sieve 
with  seawater  and  the  biomass  of  the  underground  macro-organic  matter 
(MOM)  determined.  The  second  core  was  split  in  half.  One  half  was 
freeze-dried  and  ground  to  pass  a 40-mesh  sieve.  Total  nitrogen  was 
determined  on  the  aerial  plant  material,  MOM,  and  the  freeze-dried 
soil  by  the  Kjeldahl  method.  Rhodamine  was  extracted  from  the  other 
half  of  the  split  core.  The  core  segment  was  placed  in  a blender  with 
200  ml  of  water  and  the  sample  dispersed  for  2 minutes.  The  volume 
was  brought  up  to  250  ml.  A 15-ml  aliquot  was  removed  and  spun  for 
5 minutes  in  a table-top  centrifuge.  The  rhodamine  WT  concentration 
in  the  supernate  was  determined  by  fluorometry.  All  statistical 
methods  are  described  in  Sokal  and  Rohlf  (1969). 

Results  and  Discussion 

The  results  of  the  rhodamine  WT  dye  studies  are  shown  in  Tables 
13,  1^,  15.  These  data  show  that  the  leachable  dye  did  not  move  away 
from  the  injection  site  rapidly  in  any  of  the  soils.  Since  the  dye  is 
more  likely  to  move  than  the  inorganic  nitrogen,  the  authors  were  re- 
assured that  the  nitrogen  was  not  leached  before  it  could  be  absorbed. 
Comparison  of  the  two  2"  spicata  experiments  in  Georgia  (Table  13) 
indicates  most  of  the  dye  was  lost  from  the  one  established  in  November 
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Table  13 
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-applied  in  March  - sampled  in  June  d -applied  in  January  - sampled  in  May 

-applied  in  November  - sampled  in  June  e- applied  in  March  - sampled  in  August 

-applied  in  January  - sampled  in  June 


-applied  in  September  - sampled  in  January  e- applied  in  January  - sampled  in  May 

-applied  in  January  - sampled  in  June  f- applied  in  January  - sampled  in  August 

-applied  in  September  - sampled  in  June  g- applied  in  March  - sampled  in  August 

-applied  in  September  - sampled  in  May  h- applied  in  March  - sampled  in  June 


Relative  Rhodamine  WT  Concentration  at  4 Depths  in  Marsh  Soils  in  Maine 


and  harvested  in  June  while  much  remained  when  the  dye  was  injected  in 
January.  This  difference  was  probably  primarily  a function  of  the 
longer  period  the  dye  was  exposed  to  leaching  in  the  plots  established 
i n Novembe  r . 

Tables  16,  17,  18  show  the  results  of  nutrient  enrichment  on  the 
aerial  biomass  of  the  plants  studied.  The  only  clear'  enhancement  in 
Georgia  was  in  Salicornia  virginica  (or  = 0.01).  In  Delaware, 
qerardi  responded  positively  to  the  nitrogen  addition  in  both  experi- 
ments (o  = 0.05).  The  vi rqinica  enrichment  also  gave  positive  re- 
sults in  Delaware.  None  of  the  enrichment  studies  in  Maine  gave  posi- 
tive results.  The  lack  of  response  in  Maine  was  not  unexpected  in 
view  of  the  high  ammonium  ion  levels  measured  in  the  soil  (Part  III). 
Thus,  along  the  coast,  biomass  produced  was  limited  by  the  available 
nitrogen  in  only  a few  instances.  Gallagher  (1975)  earlier  found  a 
response  in  high  marsh  al terni flora  but  none  in  roemer ianus  or 

creekbank  al tern i flora. 

Some  of  the  plants  which  had  positive  biomass  responses  and 
several  which  did  not  were  tested  for  nitrogen  content  to  see  if  added 
nutrient  would  change  the  quality  of  detritus  entering  the  estuarine 
food  web  from  these  plant  stands.  Table  19  shows  the  results  of  these 
analyses.  The  _J.  qerard i in  Delaware  which  showed  a biomass  response 
to  nitrogen  also  exhibited  a nitrogen  content  response.  The  vi r- 
qinicus  stand  in  Georgia  did  not  show  a response  in  biomass,  but  the 
nitrogen  content  of  the  treated  plants  was  1.7  that  of  the  control 
plants. 
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Table  16 

2 

Mean  Standing  Crop  of  Live  and  Dead  Plants  (g  dry  weiqht/M  ) of  Georgia 
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numbers  in  parentheses  are  S.E.  values  where  N-4  d March  enrichment  - August  harvest 

March  enrichment  - June  harvest  e November  enrichment  - June  harvest 

January  enrichment  - July  harvest 
January  enrichment  - May  harvest 


Table  17 


Si 

fD 

5 

nj 

u 

o 


“Ol 


01 

W 

c 

■D 

<TJ 

a> 

o 

“O 

c 

(D 

0) 

> 


I 


“O 

c 

(D 

4-* 

tn 


c 

fO 

(U 


^00  ^\0 

00  J-  J-  (»  vO 

vO  Lr>  J-  <M  -d" 

o vD  O O CO 

03 

vD  — (Tv  — cr> 

03 

y—  CM  CO  ro  CM 

4-f 

Nwt'  'WK' 

4-* 

>— yy 

o 

<M  O \0  -T  CJ 

o 

CM  vD  vD  -d*  00 

»- 

csj  vD  CO  CO  3-n 

K 

M3  00  (TvOO  CM 

— CO  -d"  ‘-n  uf\ 

CM  — CO  CM  CM 

. 

- 

(/) 

T3 

c 

03 

0) 

•M 

y— V yy“N  yy^N  yy^s 

- 

vO  00  vo  00 

03 

VO  y-^  CM  O 00 

03 

•o 

vD  CO  00  — 

a 

CM  (Tv  (A 

03 

T 

03 

'w'  •w'  'w*'  >—✓  'w' 

“D 

— cr»  — ^ 

03 

O CM  CM  CN  O 

-O 

fD 

03 

Mwy  N— y 'wy y "wy 

to 

O 

CM  O LTV  CO 

c 

03 

O ^ CM  CM  O 

3 

O 

CM  A A A O 

J 

4-1 

LO  LO  vD  vO  vD 

~ 

u 

3 

-«•*».  y<— s 

03 

-5 

vO  O CM  vO  CM 

O 

y-»s  y— syy— S y*^ 

(/) 

03 

• 00  LO 

LO 

- — . O CM  O vD 

JZ 

> 

'W'  •w'  'w" 

CO  CM  ACXD  00 

4-( 

O 00  -d*  CVJ  CM 

03 

Cn  CM  CO  y—  CM 

Q 

• 00  CO  00 

> 

>— y 's^ 

CM  CM  CO  CO  CO 

•— 

CM  CM  -T  CM  00 

o 

_J 

-T  A -T  A CM 

r*s.  vO  vD  vD 

-d* 

w 

0) 

03 

03 

^C»  CM  CM  ^ 

c 

J 

CM  r>.  00  vD 

c 

1. 

- 

03 

LTV  >—  — — -T 

0) 

o 

“ 

4-* 

'w'  'w' 

y«— N yy— * yy“*^ 

a 

u 

— 

o 

CM  CM  vO  CM  -T 

y-^  o O — y^ 

o 

J 

1— 

vD  00  — 

O — AM3  r^ 

u 

(X)  o o o o 

y— 

^ J" 

4-* 

03 

— 

03 

\0  — — — 00 

t/3 

> 

W 

>wy  >— «y  'wy 

z 

o 

LO  CO  CM  O^00 

1- 

CO  \0  O -d"  vO 

in 

o o o o ^ 

0 

03 

CM  VD  J-  CM  CM 

•— 

J-  -T  -T  A J- 

4-* 

ro  CO  -T  CTv  CO 

c 

03 

03 

O 

CTv  vD  CTv  vO  CO 

D 

t/) 

4-J 

h- 

£ 

y*v 

03 

y“^  y— s.  y"*«k  yy^  00 

D 

J 

O 

— A r~M3  — 

OL 

« 

- 

. — -vO  00  J-  CM 

u 

(Tv  -T  A CM  O 

a 

00  CO  CM 

•U 

M3  vD  vX)  (Tv  — 

10 

T3 

00  — — 

"O 

in 

03 

N^yy  N«-y  "wy  *•— <y  "--yy 

03 

03 

03 

J-  A 00  J"  A 

03 

lO 

03 

O CM  CM  vO  vO 

4-* 

O 

A A J-  1^  O 

-C 

• 

— 

O 

iTv  (Tv  oo 

VD  r**^  0^  LO  CO 

2 

J-  CM  c«^  C«^-T 

E 

a 

CM  CM  — CM 

L3 

03 

— 

*■■*** 

y«— yy*V 

o 

• 

J 

^VO  CM  O CM 

-C 

y-vy-v  CTl  P^y^ 

o 

O J-  (Tv  CM  O 

C3u 

VD  vD  CO  vD 

CVJ 

• 

- 

03 

vO  — CM  — cca 

CO  CM  — 

Q 

> 

'w'  'w'' 

03 

LOVO  — — CO 

0) 

CM  -T  CM  vO  vO 

> 

'wy ->wy  s.y N—yy 

vO  — (Tv  CTv  CTV 

•— 

— 00  -d"  LO  CO 

a 

J-  -T  LTV  CM 

_l 

CX3  CM  A r^vO 

c 

A A O J"  — 

— — CM  — CM 

> 

0) 

u 

^00  o 

y— s y— V 

03 

CM  lA  \0  CM  (O 

J-  o 

CC 

03 

LO  »—  CM  lA  CO 

y— 

CM  -T  A J"  CM 

W 

MmO'  '<»>'  '■wi' 

03 

CM  -T  — — 

(/> 

o 

CM  vO  (O  CM  O 

4-> 

>»-y 'wy 'wy  >.-yy -wy 

4-> 

03 

h- 

CO  a^  00  00  LO 

o 

— 00  -T  CM  O 

c 

<T3  00  O CO  — 

1- 

— LO  LO  P^ 

03 

03 

•— 

— -T  J-  -T  J- 

J 

“D 

CL 

• 

— 

y— «»  y— s 

L. 

3. 

y— K 00  y— **  CM 

0) 

y™s  y*v  y^^ 

lO 

00  y-^  CM  CM  — 

L. 

-T  CO  \0  00  M) 

(/) 

“D 

00  00  CM  .cf  <— 

03 

“D 

— LO  CO  LO  LO 

U 

0) 

0 

03 

Sw"  'S_y>'  'W''  Svy'  >w>y 

u 

O’ 

03 

N««y  >Myy  >— yy y 

0) 

• 

03 

O J"  vD  CM  vO 

03 

O CM  00  O O 

z 

1 — 

Q 

o — o> 

m 

<=> 

A A CM  vD  vC 

J-  J-  lA-T  -T 

o 

y—  ^ f—  ^ 

J 

o 

* 

c 

’}<  yy-s 

3 

y—V 

to 

y«-«s  vD  y**^  O 

-> 

y>*s  CM  yy^ 

. 

_ 

O lA  vO  J"  CTv 

— N CM  A J-  CM 

C 

3 

03 

\0  «—  — CO 

03 

00  P^  — LO  Ol 

> 

^ >wy  'wy'  >My' 

> 

>— ✓ N«yy  N^ry  >1— yy  "wy 

CM  CM  CM  O -T 

•— 

O vD  vD  CM  O 

vO  LO 

-1 

M3  O CM  — — 

J-  -T  A lA  \D 

CO  CO  ro  CO 

1 

O O LO  LO 

1 

O o LO  LO 

-C 

4-< 

4-1 

i-  LO  — — ■ CO 

•M 

4-»  E 

l_  LO  — — CO 

4->  M- 

0 

c 

c 

4^  1 1 1 1 

4^ 

03 

C O 

4-»  1 1 1 1 

o.  O 

0) 

03  0 

C O LO  O LO 

Q.  C 

03 

Q>  w 

C O LO  O lA 

0) 

E 

o — — 

03 

E 

o 

O 

(- 

o 

o 

1- 

O 

<0  -Q  U 


70 


numbers  in  parentheses  are  S.E.  values  where  N=4  d March  enrichment  - August  harvest 

September  enrichment  - June  harvest  e September  enrichment  - January  harvest 

January  enrichment  - June  harvest  f March  enrichment  - June  harvest 

January  enrichment  - May  harvest 
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numbers  in  parentheses  are  S.E.  values  where  N=4 


Table  19 

Nitrogen  Content  of  Live  Plants  and  Their  Respective  Standing  Dead  Communities 
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stribution  value  of  numbers  underlined  found  to  be  significant  (0.05). 
stribution  value  of  numbers  in  parentheses  found  to  be  highly  significant  (0.005). 


Since  at  harvest  time  it  was  noted  that  the  chlorophyll  content 


appeared  to  vary  between  treatments,  the  samples  were  analyzed  for 
chlorophyll  A and  B (Tables  20,  21,  22).  In  Georgia  the  B_.  f rutescens 
treatments  were  higher  than  the  control,  although  biomass  differences 
were  not  detectf-d.  No  other  statistical  differences  in  chlorophyll 
content  were  noted  although  visual  differences  were  evident.  In 
Delaware,  differences  in  chlorophyll  were  statistically  significant 
only  in  the  _D.  spi cata  treatment  and  no  consistent  shifts  in  the  A/B 
ratio  were  noted.  As  with  the  other  parameters  measured  in  the  Maine 
experiments,  no  increase  in  chlorophyll  or  shift  in  A/B  ratio  was 
observed. 

Nitrogen  may  be  limiting  productivity  or  affecting  plant  nutrient 
quality  for  grazers  or  the  members  of  the  detrital  food  web.  The  evi- 
dence from  these  studies  is  that  this  may  be  true  in  Georgia  for 
vi rqi nica.  vi rginicus,  and  f rutescens  but  not  for  the  _D.  spicata, 
_S.  cvnosuroides.  or  patens  stands  evaluated.  Earlier  studies  indi- 
cated a large  response  in  short  S_.  al  terni  flora,  a possible  slight 
response  in  creekbank  al terni flora  as  evidenced  by  a change  in  color 
in  infrared  photographs,  and  no  response  in  roemerianus  (Gallagher, 
1975). 

The  Delaware  experiments  showed  evidence  of  enhancement  in  the 
gerard i , £.  vi rgi ni ca , and  £.  spicata  but  none  in  the  stands  of  £. 
commun i s or  £.  patens . Earlier  work  by  Sullivan  and  Daiber  (1974) 
indicated  short  form  £.  al terni flora  growth  could  be  enhanced  by  add- 
ing nitrogen. 


73 


4-J 

c 

05 

o_ 

«/) 

-C 

-C 

ifi 

o 

i_ 

05 

0) 

o 

X 

J* 

0) 

> 

M- 

o 

c 

•— > 

4-> 

05 

c 

o 

C 

0) 

4>* 

a 

u 

o 

CD 

1. 

L. 

4-» 

U. 

p — 

z 

CD 

< 

(D 

“D 

-C 

C 

ro 

a 

O ^ 

CM  -M 

o 

-C 

o 

05  O 

CM 

PM 

^ 05 

“D 

03  3 

05 

H 

> 

-C 

•— 

05 

05 

o 

U 

05 

M- 

Qd 

</) 

•M 

C7 

C 

<XJ 

D_ 

> 

T5 

Q 

05 

O 

4-> 

l_ 

<U 

o 

0) 

u 

H 

o 

o 

• 

£ 

CD 

'•mp 

•• 

O 

< 

o 

p— 

0) 

•— 

C3 

> 

-C 

e 

Q 

o 

O 

u 

L. 

4- 

o 

-C 

o 

,p— ^ 

CD 

vO  CM 

CO 

r>.  A 

A vO 

vO  O 

</» 

(/3 

CM 

P—  CM 

00  CM 

CM 

3 

3 

< 

• • 

p— » 

O 

CM  — ^ 

CM 

CM 

CM  ^ 

O 

•• 

c 

o 

•— 

05 

O' 

.p— 

o 

L. 

O CM 

-d-  o 

A O 

<J\  O 

00  CA 

Q. 

•— 

< 

CM  r*s. 

o o 

o -d- 

J-  vO 

vD  LA 

CO 

> 

cr\  O 

lA  »— 

A — 

A 

A ^ 

O ^ 

O ^ 

O w 

O ^ 

O ^ 

CD 

<r»  Ln 

oo  vo 

-d*  o 

CM  O 

CM  O 

A CM 

CM  — 

CM  ^ 

03 

< 

• • 

• • 

• • 

• • 

• • 

C 

U3 

CM 

CM  " — 

CM  — ^ 

CM 

CM  ' — 

•— 

C 

4-1 

05 

U 

•M 

03 

03 

0) 

y<— V 

.p—,^ 

,ppi*>, 

a 

Q 

-d"  j- 

J-  M5 

A 0^ 

O CM 

vO  CM 

CO 

< 

CC\  C3^ 

CO  A 

— O 

A A 

J-  CA 

VO  o 

r*^  A 

vO  — 

— 

A CM 

o ^ 

o ^ 

O ^ 

o ^ 

O ^ 

1 

i/> 

CD 

o 

CM  A 

O LA 

CM  — 

j-  — 

05 

'N.s. 

— CM 

CM  O 

p—  ^ 

03 

■Q 

< 

• • 

• • 

• • 

• • 

• • 

c 

•— 

CM  ^ 

CM 

CM 

CM 

CM 

• — 

o 

4^ 

i_ 

L. 

3 

T3 

03 

,pMS 

p«,. 

p«s 

Q 

o 

o o 

O CM 

A O 

0^ 

O A 

CO 

C 

< 

VD  CM 

LA  VO 

r^vo 

cAvD 

o -d- 

> 

LTV  cr\ 

A O 

-d-  — 

00  — 

-d"  CM 

O ^ 

O ^ 

C3  ^ 

o ^ 

o ^ 

CD 

-d-  -It 

— 

A-4- 

A A 

CM  A 

03 

< 

o 3* 

C<*k  A 

j-  ^ 

00  CM 

L-  00 

i 

♦— 

03 

-d"  <J\ 

kO'^ 

CM  — 

CM  CM 

A ^ 

z 

c 

O 

PM 

Nw" 

NwP' 

N.pP’ 

i_ 

•— 

05 

O 

c 

1. 

o 

O 

05 

•— 

p 

.pMiS 

p— 

CM  vO 

(7\  CM 

O CM 

J-  CA 

— 00 

3 

03 

1 •“ 

< 

LA  vD 

00 

A CM 

A A 

-d-  vo 

CO 

1 > 

*—  o 

— o 

CM  O 

CM  •— 

CM  O 

o ^ 

o ^ 

o' 

O ' 

O w 

•M 

,P«»v 

pp-*s 

.pp-s. 

> 

4-4 

4-4 

1/3 

CD 

— CM 

P—  CM 

CA-d" 

O A 

<y\  A 

(/) 

4-> 

i/) 

0> 

</) 

■Ns, 

l/\  — 

A O 

A O 

-d*  — 

»—  A 

1 • 

4-J 

05 

1/3 

0) 

> 

< 

• • 

• • 

• • 

• • 

LU 

U) 

> 

05 

> 

03 

CM 

CM  '' — 

CM 

CM 

CM 

• 

0) 

> 

u 

CD 

-C 

4-> 

A 

> 

CD 

u 

CD 

-C 

u 

(D 

1. 

-C 

CD 

-C 

•— 

O 

05 

<D 

-C 

05 

•M 

•— 

,p— 

,pP— S. 

p— S. 

L. 

JZ 

>- 

4-1 

C 

Q 

O CM 

CM  VO 

(j\ 

O 00 

j-  00 

<T3 

>. 

</3 

3 

•M 

U) 

< 

00  cr\ 

O 00 

VO  A 

A 0^ 

^ A 

05 

3 

CD 

3 

“> 

o 

-4*  — 

vO  O 

-d"  — 

— 

-d"  — 

i/> 

C 

-> 

Z 

CD 

• • 

• 

» • 

• • 

• • 

0) 

3 

3 

1 



O 

O W' 

O 

O W 

1/) 

“) 

1 

1 

< 

05 

•M 

JZ 

1 

•M 

4-> 

1 

c 

4-» 

C 

c 

0) 

pp-«^ 

.p— V 

p.— s 

pp— V 

c 

•M 

05 

05 

*J 

b 

CD 

<J\  LTS 

CA  vO 

o .d* 

CA  CTi 

-d-  CA 

05 

C 

F 

F 

C 

JZ 

1/3 

ro  LA 

-d’  — 

A O 

vO  CM 

A 

1. 

05 

-C 

jr 

05 

u 

03 

c 

< 

• • 

• • 

• • 

• • 

• • 

CD 

F 

o 

u 

F 

•— 

05 

CM 

CM 

CM 

CM  — ^ 

A'^ 

Q. 

-C 

t— 

■_ 

-C 

u 

O 

o 

u 

o 

c 

o 

u> 

C 

•— 

c 

c 

05 

•— 

05 

03 

1. 

05 

05 

L. 

L. 

•M 

.pMS. 

,p— V 

pp-v 

c 

C 

u 

3 

lA  M. 

vO  00 

CA  O 

vO  <T\ 

O 00 

V) 

05 

>- 

05 

05 

o 

1_ 

< 

CO  CM 

00  — 

-d*  CM 

o 

CA  vO 

1. 

1. 

3. 

CD 

M- 

o o 

— o 

— o 

— o 

— o 

05 

j: 

CD 

CD 

-C 

F 

• • 

• • 

• • 

• « 

• • 

JD 

o 

3 

3 

u 

05 

4-1 

o > — 

O'W^ 

O 

o ^ 

O w 

F 

1. 

C 

C 

L. 

> 

*4-  C 

3 

<D 

CD 

CD 

CD 

n 

« 

0 (U 

M- 

C 

T. 

-) 

z 

fc 

0 

o 

A 

A 

JZ  -M 

F 

A 

A 

<M  ro 

u 

4-* 

1 

1 

1 

1 

CD 

j:3 

O 

"3 

05 

1 

□l  0) 

>w> 

c 

o 

A 

O 

A 

05  3. 

o 

p— 

O 4-* 

o 

7k 

Table  21 

Chlorophyll  A (mg  chlorophy 1 1/ g fresh  weight)  and  A/B  Fraction  in  Live  Marsh  Plants  from  Delawa re . 


i/) 

-C 

•M 

a 

0) 

o 


a 

o 

o 

CNJ 

“O 

<u 

> 

<D 

O 

<U 

t/) 


c 

fD 

ol 

•u 

0) 


^ 

OQ 

c<\ 

l^vO 

-d"  CSJ 

ON  VO 

(Tk  LA 

ro  ca 

CA  — 

CA  O 

Jt  CA 

VO  -- 

(U 

< 

• • 

• • 

• • 

• • 

c 

(/) 

CSJ 



CSJ 



• — 

c 

Nwi" 

0) 

L- 

"O 

s. 

s. 

X— N 

0) 

LA  CA 

CO  o 

00  o 

O 00 

— o 

a 

a 

< 

00 

00  — 

CO  j- 

LA  1'^ 

CM  vO 

CO 

— o 

CA 

— o 

CSI  o 

CM  O 

o ^ 

O 

O ^ 

O ^ 

^ ^ 

(D 

CD 

CA  LA 

^ a^ 

J-  O 

CSI  CA 

o -d* 

CSJ 

J-  -J" 

CA  00 

00  CM 

LA  LA 

c 

o 

< 

• • 

• • 

• • 

• • 

ul 

•— 

CSJ  ^ 

CSJ  ^ 

CSJ  ^ 

CSJ  ' — 

CSJ 

O, 

C| 

o 

x«*s 

•— 

CA  CSJ 

O (T\ 

vO 

o J- 

vO  00 

< 

CA  — 

CA  — 

^ CA 

— O 

— O 

^ o 

— o 

— O 

— O 

CO 

>1 

• • 

• • 

• • 

• • 

• • 

O ^ 

O ^ 

O 

o ^ 

^ ^ 

CSJ 

CA  O 

sO  CA 

res -S' 

CM  — 

tftl 

\ 1 

LA  — 

CA 

J-  CSJ 

-d-  CSI 

— 

<u 

tn 

< 

• • 

• • 

• • 

•M 

CSJ  W' 

CSJ 

CSI  ' 

CM 

••• 

c 

E 

3 

C7 

■Q 

y.— V 

X— s. 

X— s 

x->v 

<0 

CSJ  — 

so  — 

-d-  O 

SO 

CM  SO 

O 

< 

00  o 

J- 

CA  o 

LA  (T\ 

-C 

o 

LA  CNJ 

-d- 

LA  CA 

-d*  CM 

o ^ 

o ^ 

O ^ 

O 

CD 

CA-d* 

*“  CSJ 

CTL 

(J\CO 

•— 

— 

so  LA 

O C7\ 

CA  vO 

t/) 

"D 

< 

• • 

• • 

• • 

• • 

3 

1. 

LU 

CSJ  — ^ 

CSJ 

CA' — 

CM  ' — 

U 

fO 

O 

z 

c 

L_ 

o 

3 

0) 

z 

O so 

vO  cvl 

O CM 

—> 

(7 

< 

MS  csl 

o 

CO  CA 

I^CO 

lA  CSJ 

— 

LA  — 

LA  — 

O' — 

o ^ 

O 

O ^ 

CD 

-d*  ^ 

00 

— <J> 

— LA 

CSJ  !3- 

cn  — 

00  — 

O CM 

•— 

< 

• • 

• • 

• • 

• • 

I/) 

-D 

rr\ — ^ 

-d“  LA 

CSJ 

CM  ' — 

3 

1. 

LU 

O 

(TJ 

(U 

z 

c 

L. 

o 

.x-s. 

3 

<D 

z 

— <T\ 

00  Jt 

O 00 

CM  LA 

— > 

U 

< 

LA  O 

CA  00 

O <J\ 

CM 

-d"  — 

vO  CSI 

SO  o 

-d-  *— 

o ^ 

o ^ 

o ^ 

1 

CD 

; CSJ  o^ 

-d-  j" 

-d*  — 

LA  so 

CA  •— 

tn 

! CSJ  CSJ 

CTv  O 

CSI  — 

O CSJ 

•— 

< 

• • 

• • 

• • 

0) 

CSJ 

CSJ  — ^ 

CSJ  ' — 

-d"  CM 

4-> 

O 

fD 

•— 

O 

V 

y<— «V 

X“^ 

X— N 

! O vD 

^ (Tl 

00  00 

o ^ 

00  o 

Q 

< 

1 CA  O 

00  -d- 

CA  — 

CM  -d" 

CM  \D 

•— 

«/> 

-J-  — 

LA  — 

00  o 

r'-K  ^ 

CA 

o 

• • 

• • 

• • 

• 

o ^ 

O ' 

O 

O 

1/1 

CD 

CSJ  <7> 

-d* 

CJSsO 

so  LA 

sO  CA 

• — 

1 CSJ  CSJ 

CSJ  CSJ 

o — 

CSJ  ^ 

O CM 

OJ 

< 

1 • • 

• • 

• • 

• • 

* « 

I CSJ  ' — 

CSJ 

CSI  > — 

CM 

CM  ' 

u 

<0 

•— 

u 

0) 

/*— V 

X"-N 

X~v 

w 

•— 

! o so 

cr»  J- 

o o 

CM  — 

(/) 

Q 

< 

CA  o 

C>J  CSJ 

O 00 

<y\  — 

LA  CA 

•— 

if) 

J-  — 

CSJ 

r'v  o 

OO  CM 

l''^  — 

Q 

• • 

• • 

• • 

• • 

• • 

O 

O 

O 

o 

O'^ 

-C 

1 

4^ 

o 

LA 

LA 

0) 

c F 

1 — 

LA 

CA 

Q. 

o 

0) 

0)  o 

c o 

1 

1 

1 

1 

<U 

u 

B— 

O 1- 

o 

LA 

O 

LA 

O 

h- 

O -M 

— 

II 


(D 

u 

0) 

-C 

2 

t/> 

0) 

3 


(D 

i/i 

> 

0) 

■M 

> 

(/I 

• 

u 

Q) 

LU 

CD 

> 

• 

-C 

L. 

C/> 

<TJ 

0) 

-C 

<U 

c 

L. 

3 

q; 

CD 

-> 

c 

3 

(/) 

1 

“5 

0) 

(/) 

1 

0) 

c 

-C 

<u 

4-> 

•M 

E 

c 

c 

-C 

4) 

a> 

o 

E 

u 

•'• 

JZ 

CD 

t. 

o 

Q. 

c 

•— 

0) 

L- 

C 

c 

•— 

u 

4) 

Q) 

V/) 

>* 

1. 

E 

u 

0) 

0) 

CD 

4-1 

3 

E 

a 

C 

3 

0) 

CD 

C 

CA 

“> 

■!< 

CD 

.O 

75 


January  enrichment  - May  harvest 
March  enrichment  - August  harvest 
September  enrichment  - May  harvest 
March  enrichment  - June  harvest 


numbers  in  parentheses  are  S.E.  values  where  N=4 


The  number  of  replicates  chosen  in  these  experiments  was  based 
on  similar  studies  conducted  in  Georgia  on  al terni flora  and 
roemeri anus  (Gallagher,  1975).  Variability  in  several  of  the  species 
in  the  study  reported  in  this  part  of  the  report  proved  higher  than 
those  studied  earlier.  If  the  response  of  one  of  the  more  variable 
sp.  ties  (^.  al terni flora  in  Maine,  for  example)  becomes  of  immediate 
interest,  intensive  studies  should  be  initiated. 
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PART  V:  SALT  MARSH  PLANT  GROWTH  ON  THREE  TYPES 
OF  DREDGED  MATERIAL 


Introduct ion 

During  the  past  two  decades  large  acreages  of  natural  coastal  eco- 
systems have  been  destroyed  by  industrial  and  recreational  development. 
Recently  there  have  been  many  initiatives  to  either  restore  perturbated 
natural  systems  or  to  create  new  areas  to  substitute  for  areas  which 
cannot  be  restored.  The  U.  S.  Army  Corps  of  Engineers  has  been  very 
interested  in  developing  techniques  to  vegetate  dredged  material 
islands.  A problem  arises  when  it  is  desired  to  create  a marsh  on  a 
specific  dredged  material.  Soil  testing  techniques  are  not  yet  avail- 
able which  would  enable  the  prediction  of  success  of  each  of  the  several 
dozen  potential  species  on  the  various  types  of  dredged  material  which 
may  be  found  at  numerous  coastal  environments. 

This  study  was  designed  to  examine  the  growth  of  several  species 
of  marsh  plants  on  three  widely  different  types  of  dredged  material  from 
the  Georgia  coast  and  to  compare  several  methods  which  could  serve  as 
bioassay  techniques  for  testing  the  ability  of  various  plant  species 
to  grow  in  specific  dredged  material  situations. 

Methods 

Three  types  of  dredged  material  were  selected  which  had  diverse 
properties.  The  first  was  a coarse  sandy  material  from  nearly  fresh  water; 
the  second  was  a mixture  of  fine  sand,  lumps  of  silt,  and  clay  from  brackish 
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water;  and  the  third  was  a silt  and  clay  mixture  from  a saline  river. 
(See  Part  III  for  a more  detailed  description  of  the  collection  sites 
and  the  materials.)  These  gave  the  extremes  which  are  likely  to  be 
encountered  in  the  southeast  Atlantic  coast. 

Greenhouse  Experiment 

In  the  first  experiment,  cylindrical  plastic  trash  cans  32.5  cm 
in  diameter  and  35-6  cm  high  were  filled  with  the  dredged  material  and 
placed  in  a greenhouse.  The  greenhouse  used  was  glass  with  mechanical 
air  circulation  but  without  an  evaporative  cooler  or  air  conditioning. 
The  use  of  whitewash  and  shades  over  the  glass  reduced  the  inside 
light  approximately  50^  but  reduced  internal  heating  to  usually  less 
than  5°C  above  ambient.  This  range  is  well  within  the  conditions  ex- 
perienced in  stands  of  marsh  plants.  One  set  (one  each  of  the  three 
types  of  dredged  material)  of  tubs  was  left  unplanted  while  others  were 
planted  with  sprigs  of  freshly  dug  plant  material  from  nearby  marshes 
between  2^4  and  31  July  197^  (Table  23)-  Each  tub  was  planted  at  1/10  of 
the  natural  stand  density.  Each  combination  of  plant  and  substrate  was 
established  in  triplicate.  Wells  made  of  1 . 27-cm-d i ameter  PVC  tubing 
were  placed  vertically  to  a depth  of  10  and  25  cm  in  each  container. 
During  the  study  the  water  in  the  wells  was  tested  for  pH  and  salinity. 
The  containers  of  plants  were  watered  with  fresh  water  as  needed  from 
above  (to  wash  accumulated  salt  on  the  plants  back  to  the  soil)  to 
keep  the  soil  near  field  capacity  above  the  10-cm  depth  and  saturated 
below  that.  These  soil  conditions  approximated  those  near  mean  low 
water  in  the  natural  marsh. 
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Table  23 

Plant  Species  Used  in  the  Greenhouse  and 
Dike  Studies  of  Substrate  Response 


Particle  density  was  determined  in  August  and  soil  bulk  density 
profiles  were  measured  in  July  197^  and  in  March  1976,  Particle  densi- 
ty was  calculated  from  weights  obtained  when  soil  displaced  water  from 
a volumetric  flask.  Bulk  density  was  obtained  by  weighing  dried  cores 
of  known  volume.  Soil  carbon  was  determined  with  a Leco  Carbon  Deter- 
minator according  to  the  method  described  by  Gallagher,  Plumley,  and 
Perkins  (in  press).  Soils  were  allowed  to  dry  to  the  point  where  no 
water  was  standing  in  the  shallow  wells  and  water  infiltration  was 
measured  using  a field  rainfall  simulator  as  a water  source.  The 
device  was  built  from  a 10-cm  section  of  12-cm-di ameter  PVC  pipe.  A 
solid  bottom  was  perforated  with  21  gauge  hypodermic  needles.  A simi- 
lar size  diameter  aluminum  pipe  with  a sharp  edge  was  pushed  into  the 
soil  so  that  the  outlet  pipe  was  at  ground  level.  The  PVC  pipe  was 
placed  above  the  aluminum  section  and  water  added  to  the  PVC  tube  from 
a separatory  funnel  suspended  above  it.  A constant  head  was  maintained 
in  the  PVC  tube  so  that  the  drop  size  and  flow  rate  remained  constant 
and  produced  a flow  rate  of  2.5  cm  per  pour.  Runoff  was  collected  in 
a bottle  placed  at  the  outlet  pipe.  Infiltration  was  calculated  as 
the  difference  between  water  added  and  runoff.  Samples  of  the  dredged 
material  were  air-dried  and  subjected  to  analysis  according  to  the 
standard  methods  used  by  the  Plant  and  Soil  Testing  Laboratory  at  the 
University  of  Georgia,  Total  nitrogen  was  determined  by  Kjeldahl 
analysi s. 

Stem  counts  were  taken  frequently  during  the  course  of  the  experi- 
ment. Chlorophyll  content  of  the  patens  and  £.  spi cata  growing  on 
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the  three  substrates  was  determined  in  July  and  August  1975  by  the 
method  described  by  Arnon  (19^9).  Aerial  and  underground  biomass  were 
determined  upon  termination  of  the  experiment  in  March  1976. 


Field  Experiment 

A second  experiment  with  the  three  types  of  dredged  material  was 
established  in  the  field  in  March  1975-  The  purpose  of  this  study  was 
to  more  closely  simulate  the  actual  situation  where  a dredged  material 
would  be  placed  in  the  intertidal  zone  in  a marsh. 

Triplicate  trash  containers,  like  those  used  in  the  previous  ex- 
periment, were  filled  with  each  of  the  three  types  of  dredged  material 
and  buried  in  an  intertidal  dredged  material  pile  so  that  they  were  inun- 
dated by  spring  tides.  Holes  were  punched  in  the  bottom  of  the  plastic 
trash  containers  in  order  to  allow  drainage.  Freshly  dug  sprigs  of 
spicata  were  planted  in  each  container. 

In  order  to  test  for  the  effect  of  reduced  drainage  due  to  the 
containers,  pits  were  dug  at  the  same  level;  the  vertical  sides  were 
lined  with  polyethylene;  and  triplicate  pits  were  filled  with  the  three 
types  of  dredged  material.  These  pits  had  approximately  twice  the  area 
of  the  trash  containers.  Half  of  each  pit  was  planted  with  spicata 
and  the  other  half  with  f rutescens . A second  series  of  pits  were 

similarly  dug  and  filled  at  a higher  elevation  which  was  subject  to  only 
the  highest  spring  tides.  Half  of  each  pit  was  planted  with  vi r- 
gin icus  and  half  with  f rutescens. 

Soil  pH  was  determined;  soil  bulk  density  profiles  taken;  rainfall 
infiltration  measured;  and  in  March  1976  the  experiment  terminated. 
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Aerial  samples  of  plants  were  harvested  and  dried  to  a constant  weight 
at  6(fC.  Cores  of  the  soil  were  taken  from  each  plot  for  root  biomass 


determination  and  soil  carbon  evaluation.  All  statistical  proc.  res 
used  were  outlined  by  Sokal  and  Rohlf  (1969). 

Results  and  Discussion 


Greenhouse  Study 

Stem  densi tv.  In  terms  of  numbers  of  live  stems  per  square  meter, 
£.  spicata  reached  maximum  growth  when  on  silt  and  clay  (Figures  10, 

11,  12).  D^.  spicata  was  relatively  successful  on  the  other  two  sub- 

strates as  well.  _S.  patens  experienced  its  most  successful  growth  on 
sand  and  clay  with  relatively  good  growth  on  sand.  f rutescens . 

f rutescens . and  cvnosuroi des  grew  only  on  sand,  but  not  with  any 
significant  success.  Since  these  environmental  conditions  simulated 
the  low  intertidal  zone,  the  poor  aeration  which  existed  in  the  fine- 
textured  soils  was  probably  the  cause  of  the  failure  of  f rutescens 
and  J_.  f rutescens  to  grow  well  under  these  conditions.  These  plants 
grow  high  in  the  intertidal  zone  in  natural  marshes.  Whether  the 
problem  is  one  of  low  oxygen  directly  or  the  accumulation  of  toxic 
substances  (H2S,  for  example)  is  purely  a matter  of  speculation. 

B i omass . Aerial  and  root  biomass  data  (Table  24)  based  on  the 
March  1976  harvest  paralleled  the  stem  density  counts.  Distichl i s 
spicata  achieved  its  greatest  biomass  on  silt  and  clay,  while 
patens  had  the  greatest  biomass  on  sand  and  clay.  Borrichia  fru- 
tescens . J_.  f rutescens . and  cvnosu roi des  showed  live  aerial 
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gure  11 


1730 


Live  Stems  per  m of  Various  Marsh  Plants  Grown  in  the  Greenhouse 
on  Silt  and  Clay  Dredged  Material  Held  within  Trash  Containers 


Table  24 


biomass  only  on  sand  in  March.  Even  though  there  were  relatively  few 
live  stems  with  a correspondingly  low  biomass,  the  root  biomass  for 
cvnosuroi des  in  all  three  substrates  appeared  to  be  significant. 
Results  of  analysis  of  variance  (Table  25)  showed  that  no  significant 
difference  occurred  in  total  aerial  biomass  for  any  species  on  the 
three  substrates  tested  except  for  the  woody  plant  f rutescens  where 

the  greatest  biomass  was  on  the  sand  and  the  other  two  substrates  were 
lower.  There  was,  however,  a significant  difference  in  the  biomass 
of  live  spicata  among  the  three  substrates.  A Student-Newman-Keul s 
(SNK)  range  multiple  test  indicated  the  growth  was  best  on  the  silt 
and  clay  while  the  other  two  substrates  did  not  differ. 

Root  biomass  did  not  differ  significantly  among  the  three  sub- 
strates for  cvnosuroi des  and  spi cata:  however,  differences  did 
occur  among  patens . £.  f rutescens.  and  J_.  f rutescens.  Root  biomass 
in  patens  was  greatest  in  the  sand  and  clay,  less  on  the  sand,  and 
least  on  the  silt  and  clay.  This  may  be  expected  because  the  natural 
haibtat  of  patens  in  Georgia  is  a high  sandy  marsh  or  a low  dune 
area.  The  sand-clay  substrate  had  high  fertility  while  still  retain- 
ing good  drainage.  Borrichia  f rutescens.  which  normally  grows  at  the 
upper  fringes  of  the  marsh,  produced  the  most  root  growth  in  the  sand 
soil.  Surprisingly,  J_.  f rutescens . which  also  lives  on  the  marsh 
fringe,  produced  a large  amount  of  roots  in  the  silt  and  clay  dredged 
materi al . 

Chlorophyl  1 . Chlorophyll  content  of  £.  spicata  and  S^.  patens 
was  significantly  higher  on  the  silt  and  clay  than  on  the  other  two 
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Results  of  Analysis  of  Variance  of  Aerial  and  Root  Biomass 


substrates  (Table  26).  This  was  probably  due  to  the  higher  nitrogen 
content  of  this  material.  The  highest  chlorophyll  content  of  plants 
grown  on  sand  was  observed  in  D^.  spicata.  The  above  two  species  were 
selected  for  chlorophyll  analysis  because  it  was  only  in  these  two 
species  that  significant  growth  occurred  on  all  three  substrates. 

Bulk  densi tv.  Bulk  densities  for  substrates  with  and  without 
plants  appear  in  Table  27.  A comparison  of  the  bulk  density  for  the 
combined  values  for  each  substrate  at  harvest  with  the  initial  values 
shows  an  increase  in  bulk  density  for  silt  and  clay  (0.390  to  0.443), 
a decrease  in  sand  (1.503  to  1.414),  and  a decrease  in  sand  and  clay 
(1.494  to  1.335)*  Results  of  the  Student's  t-test  showed  that  the 
above  differences  are  significant.  All  comparisons  with  significant 
t-values  are  listed  in  Table  28.  Results  of  particle  density  deter- 

■5 

minations  are  as  follows:  sand,  2.650  +0.200  g/cm^;  silt  and  clay, 
2.693  + 0.343  g/cm^;  and  sand  and  clay,  2.456  + O.O6O  g/cm^. 

Carbon.  The  results  of  the  carbon  analyses  are  listed  (Table  29) 
A comparison  of  means  utilizing  the  Student's  t-test  showed  the  follow 
ing  significant  differences:  initial  sand  and  clay  higher  than 
patens  on  sand  and  clay  (t  = 3*500);  initial  silt  and  clay  higher 
than  2*  spicata  on  silt  and  clay,  I976  (t  = 4.243);  cynosuroides 
on  sand  and  clay,  1976,  higher  than  control,  1976,  sand  and  clay  (t  = 
2.460);  \_.  f rutescens  on  sand,  1976,  higher  than  control  sand,  1976 
(t  = 3*040);  and  initial  sand  higher  than  control  sand,  1976  (t  = 
43*412).  All  other  comparisons  resulted  in  t-values  which  were  not 
significant.  The  reasons  for  some  of  the  apparent  discrepancies  in 
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Table  27 

3 

Means  and  Standard  Deviation  of  Bulk  Densities  (g/cm  ) for  Dredged  Material  in  Greenhouse  Stud 
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* Significant  at  0.05  level. 
Significant  at  0.01  level. 


Table  29 

Means  and  Standard  Deviation  of  Carbon  Values  for  Dredged  Material  in  Greenhouse  Study 
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the  data  are  not  clear. 


Salinity.  Soil  water  salinity  differed  significantly  in  the  three 
substrates  (Table  30).  In  addition,  water  obtained  from  silt  and  clay 
and  sand  showed  a decrease  In  salinity  from  197^  to  1975  in  both  long 
and  short  tubes.  The  change  in  the  short  tube  in  sand  was  not,  how- 
ever, significant  (Table  31).  Water  from  sand  and  clay  showed  an  in- 
crease in  salinity  from  197^  to  1975  (Table  30). 

pH.  The  results  of  the  pH  determination  showed,  in  only  two 
instances,  differences  between  water  from  long  and  short  tubes.  In 
197^,  the  pH  of  water  from  the  short  tube  in  silt  and  clay  was  7.60  as 
compared  to  7.^^  in  the  long  tube  (Table  30) . Also  in  197^,  the  pH  of 
water  from  the  short  tube  in  sand  was  7.^1  as  compared  to  7.09  in  the 
long  tube.  In  comparing  the  various  substrates,  pH  of  the  water  ob- 
tained from  both  long  and  short  tubes  in  sand  and  clay  was  significantly 
lower  than  that  obtained  from  long  and  short  tubes  in  the  other  two  sub- 
strates. The  t-values  are  highly  significant  in  all  comparisons  for 
19/4  and  1975. 

In  observing  the  changes  in  pH  in  a given  substrate  from  year  to 
year,  the  pH  of  soil  water  from  the  long  tube  in  silt  and  clay  was 
significantly  higher  in  1975  as  compared  to  1974.  In  sand  and  clay 
there  was  a significant  decrease  in  soil  water  pH  from  1974  to  1975 
in  both  long  and  short  tubes.  No  significant  changes  occurred  in  soil 
water  pH  from  sand  between  1974  and  1975.  Significant  differences 
occurred  between  silt  and  clay  and  sand  in  both  long  and  short  tubes 
for  1974  and  1975. 
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Table  30 
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Table  31 
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I n f i 1 1 ra t i on . The  results  of  the  infiltration  study  were  quite 
variable.  As  one  would  expect,  the  coarse  sand  had  the  highest  per- 
centage of  infiltration.  In  only  one  sand  container  was  an  infiltra- 
tion value  of  less  than  100%  achieved  (79.4%)  which  led  to  a mean  of 
95.6%  with  a standard  deviation  of  20.2%  for  infiltration  on  sand 
(Table  32).  Sand  and  clay,  and  silt  and  clay  showed  much  variation. 
The  variation  of  silt  and  clay  can  be  explained  in  part  by  the  exten- 
sive growth  of  algae  on  the  surface  of  the  substrate  in  some  of  the 
containers  thus  preventing  the  infiltration  of  rainfall.  On  con- 
tainers lacking  the  algal  mat,  percent  infiltration  was  as  high  as 
100%.  The  variation  in  percent  infiltration  on  sand  and  clay  con- 
tainers can  be  explained  in  part  by  the  fact  that  the  surface  of  the 
sand  and  clay  became  extremely  hard,  thus  preventing  the  Influx  of 
significant  amounts  of  water.  Even  though  the  results  were  somewhat 
variable,  significant  differences  between  some  of  the  substrates  were 
observed  (Table  32).  Plant  growth  did  not  appear  to  have  any  effect 
on  the  rate  of  infiltration  on  any  of  the  substrates. 

Intertidal  Field  Study 

Biomass . The  resuits  of  the  harvesting  of  the  intertidal  field 
study  are  shewn  in  Table  33.  Since  no  significant  differences  were 
seen  between  the  tubs  and  lower  level  pits,  only  the  pits  are  repre- 
sented. Borrichia  frutescens  did  not  survive  at  the  lower  elevation. 
The  £.  spicata  plants  survived  on  all  three  substrates,  but  aerial 
biomass  was  greater  (a  = 0.08)  on  the  sand  and  clay  substrate.  Under- 
ground biomass  differences  were  less  clear  and  the  probability  of  the 
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NOTE:  Percent  water  content  of  dredged  material  refers  to  the  water  content 
at  time  of  application  of  rainfall.  Infiltration  expressed  as  per- 
centage infiltrated  from  total  amount  applied.  Time  of  application, 

5 minutes;  mean  amount  of  water  applied  per  container,  440  + 46  ml . 


growth  being  significantly  greater  on  the  sand  and  clay  substrate  was 
much  less  (a  = 0.30).  The  root/shoot  ratios  were  8.62,  1 ,hl,  and 
2k. 8S  for  the  sand,  sand  and  clay,  and  silt  and  clay  substrates,  re- 
spectively. Resource  allocation  to  aerial  and  underground  parts  was 
not  different  for  the  two  dominantly  sandy  types  of  dredged  material, 
but  more  was  placed  in  root  and  rhizome  development  on  the  heavier 
textured  material. 

In  the  upper  tidal  level,  differences  between  substrates  were 
much  clearer,  perhaps  because  at  the  lower  level  the  tidal  water 
moderated  the  influence  of  the  substrates.  Sporobol us  vi rginicus  grew 
on  all  three  substrates,  but  the  aerial  growth  was  much  greater  on  the 
sand  and  clay  mixture  (a  = 0.01)  than  on  the  other  two  sediments. 
Underground  biomass  was  likewise  much  greater  on  the  sand  and  clay 
mixture.  Borrichia  frutescens  did  not  survive  on  the  sand  and  pro- 
duced about  10  times  more  underground  biomass  on  the  sand  and  clay 
mixture  than  on  the  silt  and  clay.  In  March  the  differences  in  under- 
ground biomass  were  much  more  dramatic  than  those  of  the  aerial  por- 
tions of  the  plants. 

pH.  The  poor  growth  on  the  si  it  and  clay  was  predictable  based 
on  expected  pH  changes  (Table  3^).  In  the  upper  tidal  level,  the  sand 
had  a pH  of  6.59f  the  sand  and  clay  mixture  a pH  of  5.80,  and  the  silt 
and  clay,  3.55.  The  pH  of  7.30  in  buffer  Indicates  a fairly  large 
acid  reserve  which  combined  with  nearly  3%  carbon  content  usually  re- 
sults in  the  development  of  a "cat  clay"  problem.  At  the  lower  tidal 
level,  all  three  substrates  had  pH  values  above  7.00. 
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In  view  of  the  relatively  poor  growth  of  plants  on  the  sand  and 
clay  in  the  greenhouse,  the  success  of  the  plants  in  the  field  study 
was  at  first  surprising.  When  the  substrate  profiles  in  the  tubs  in 
the  greenhouse  were  compared  with  those  in  the  field  and  with  the 
pits,  differences  which  could  account  for  the  differential  response 
were  noticed.  In  the  greenhouse  tubs  the  soils  were  held  near  filled 
capacity  and  no  natural  rainfall  reached  the  soil.  Furthermore,  since 
water  was  added  frequently  in  small  quantities,  the  substrate  did  not 
dry  out  and  thus  did  not  produce  conditions  conducive  to  rapid  leach- 
ing during  the  next  watering.  At  the  field  sites  high  in  the  inter- 
tidal zone  the  substrate  dried  due  to  evapotranspi ration  and  condi- 
tions were  thus  ideal  for  leaching  by  rainfall.  At  the  end  of  the 
experiment  in  the  greenhouse,  the  lenses  of  clay  mixed  in  the  sand 
were  intact  and  nearly  the  same  as  when  the  experiment  was  initiated. 

At  the  field  sites,  the  silt  and  clay  was  leached  to  the  lower  part 
of  the  profile.  In  the  greenhouse  material  there  had  been  relatively 
little  degradation  of  the  particulate  organic  material,  but  at  the 
field  site  it  was  almost  all  oxidized.  The  problems  regarding  the 
cat  clay  situation  which  would  be  affected  by  vertical  placement 
in  the  intertidal  zone  were  considered,  but  not  the  soil-forming  pro- 
cesses of  eluviation  and  illuviation  working  so  rapidly  to  modify  the 
substrates . 

Table  35  shows  the  percent  carbon  in  the  three  types  of  dredged 
material  under  the  various  plant  and  elevation  conditions.  The  varia- 
tions within  one  dredged  material  were  greater  than  differences  between 
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plant  species  on  a single  dredged  material.  When  compared  with  the 
dredged  material  kept  in  the  greenhouse,  there  were  no  significant 
differences  between  the  sand  or  the  silt  and  clay,  but  the  sand  and 
clay  was  lower  in  the  field  study  than  in  the  greenhouse. 

Need  for  Field  Bioassay 

The  apparent  necessity  to  test  each  dredged  material  under  each 
set  of  environmental  conditions  prompted  the  design  and  test  of  a 
field  bioassay  unit  depicted  in  Figure  13.  Holes  were  drilled  in  the 
bottom  of  the  bucket  to  provide  drainage.  The  0.83-cm  hardware  cloth 
top  altered  the  aerial  environment  little,  but  prevented  raccoons  and 
other  large  animals  from  destroying  experimental  plots.  A slot  was 
cut  to  allow  free  access  of  tidal  water,  snails,  crabs,  and  other 
small  animals.  Following  the  period  of  implantation  in  the  natural 
marsh,  the  buckets  were  removed  and  transported  to  the  laboratory 
where  appropriate  measurements  were  made  on  above-and  below-ground 
plant  growth. 

Summa rv 

The  studies  in  the  greenhouse  and  field  show  that  at  this  time 
predicting  which  plants  will  grow  on  a particular  dredged  material 
under  a given  water  salinity  and  given  intertidal  elevation  requires 
a local  bioassay.  With  this  in  mind,  a unit  was  designed  which  could 
be  filled  with  dredged  material  and  planted  with  sprigs  at  the  lab, 
carried  to  the  field  in  a truck  or  boat,  implanted  at  the  site,  and 
similarly  removed  for  evaluation  after  an  incubation  period.  This 
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type  of  assay  should  be  conducted  prior  to  dredging.  Based  on  the 
results  of  the  assay,  decisions  could  be  made  relative  to  the  optimum 


elevation 
the  plant 


in  the  tidal  zone  for  disposal  of  the  dredged  material,  and 
species  which  would  show  optimal  growth  at  that  elevation. 
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PART  VI:  MARSH  PLANT  ROOT  GROVTTH  IN  NATURAL  SOIL  AND 
DREDGED  MATERIAL:  A BIOASSAY  APPROACH 


Introduction 

Establishing  marshes  on  dredged  material  has  positive  effects  on 
the  dredged  material  disposal  site  and  the  surrounding  area.  Aerial 
production  of  plants  contributes  through  the  detritus  food  web  to  the 
surrounding  estuary.  The  root  system  stabilizes  the  substrate  thus 
reducing  erosion,  produces  carbon  sources  for  microbial  flora,  and 
through  the  interaction  with  the  substrate,  creates  soil  environmental 
conditions  suitable  for  the  development  of  a typical  natural  marsh 
fauna.  Because  of  the  importance  of  the  root  systems,  it  is  desirable 
to  predict  to  what  extent  they  will  develop  in  various  substrates 
under  various  conditions  of  temperature  and  salinity.  A bioassay 
chamber  was  designed  in  which  to  test  the  root  growth  of  different 
plants  in  various  types  of  dredged  material  under  various  environmental 
conditions.  The  results  of  the  tests  are  reported  in  this  section. 

Methods 

Experimental  Unit 

The  bioassay  chamber  is  shown  in  Figure  ll».  The  natural  soil 
chambers  were  13  cm  long  while  those  for  the  experimental  soil  were 
10  cm  in  length.  Both  were  7.5  cm  in  diameter.  The  upper  part  of  the 
chamber  was  used  to  remove  cores  of  natural  soil  with  the  plants  in 
place  from  established  marshes.  The  lower  portion  of  the  chamber  was 
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TEST  PLANT 


SOIL  WELLS 


NATURAL  SOIL 


EXPERIMENTAL  SOIL 


Figure 

Root  Growth  Bioassay  Chamber 


filled  with  the  root-free  experimental  soil,  and  the  two  were  sealed 
together  with  silicone  cement.  The  entire  clear  plexiglass  chamber 
was  covered  with  black  cloth  to  retard  the  growth  of  algae.  Soil  wells 
were  placed  to  extend  into  the  center  of  the  natural  soil  and  into  the 
top  and  bottom  of  the  experimental  soil.  Water  samples  could  thus  be 
withdrawn  from  the  natural  and  experimental  soils  and  various  treat- 
ments administered  to  the  experimental  soils  through  the  tubes  extend- 
ing to  that  layer.  Following  an  incubation  period  in  a growth  chamber 
under  controlled  temperature  and  light  conditions,  the  bioassay  cham- 
bers were  dismantled  and  aerial  biomass  determined  by  harvesting  the 
aboveground  material,  separating  it  into  living  and  dead  tissue,  and 
drying  it  at  60P C before  weighing.  The  natural  and  experimental  soil 
chambers  were  separated,  and  after  the  underground  macro-organic  matter 
was  washed  free  of  the  substrate  on  a 1-mm  sieve,  it  was  dried  at  6(fC 
and  weighed.  Three  experiments  were  performed  using  these  chambers. 

Experiment  1 

The  objective  of  the  first  experiment  was  to  test  root  growth  of 
al terni f lora  and  patens  (two  species  to  be  planted  on  the  Bolivar 
Peninsula  marsh-creation  site)  to  a set  of  environmental  conditions. 

The  experimental  design  was  a complete  randomized  block  with  the  2 
species,  2 salinities,  2 drainage  conditions,  2 temperature  regimes, 
and  4 replications.  The  natural  cores  were  collected  from  a Sapelo 
Island,  Georgia,  marsh  and  placed  over  a sandy  dredged  material  col- 
lected from  Bolivar  Peninsula  near  Galveston,  Texas.  The  two  salini- 
ties were  10^  and  20^  while  the  drainage  conditions  were  saturated 
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soil  and  field  capacity. 


The  above  soil  condition  was  maintained  by  changing  the  water  once 
per  week  in  the  experimental  soil.  In  the  saturated  treatment  the  water 
level  was  maintained  at  the  top  of  the  experimental  chamber.  In  the  drained 
treatment,  the  water  level  was  maintained  at  the  bottom  of  the  deepest  well. 

The  winter  and  summer  temperatures  and  day  length  regimes  were 
means  taken  from  the  meteorological  data  for  Galveston.  In  the  winter 
the  temperature  was  16°C  during  the  12-hr  day  and  S'‘C  during  the  12-hr 
night.  Summer  conditions  were  32'’c  during  the  l4-hr  day  and  26*’c 
during  the  10-hr  night.  Maximum  light  intensity  in  the  growth  cham- 
ber was  5000  fc,*  half  of  which  was  turned  on  during  the  hour  after 
sunrise  and  off  an  hour  prior  to  sunset. 

After  an  incubation  period  from  1^  November  1975  until  15  January 
1976,  the  experiment  was  terminated. 

Experiment  2 

The  objective  of  this  study  was  to  compare  root  growth  of 
alterniflora  and  patens  in  natural  soil  and  in  three  very  different 
types  of  dredged  material  from  Georgia.  Two  temperature  regimes  were 
tested  to  observe  plant  responses  to  seasonal  variations.  This  experi- 
ment was  designed  around  a complete  randomized  block  using  the  2 species, 
substrates,  2 temperature  regimes,  and  8 replicates.  The  four  sub- 
strates used  were  the  natural  soil  from  Sapelo  Island,  sand  from 
Buttermilk  Sound,  sand  with  lenses  of  clay  from  the  Darien  River,  and 
silt  and  clay  from  Jekyll  Island.  Since  the  temperature  and  light 

* Multiply  footcandles  by  10.76391  to  obtain  lumens  per  square  meter. 
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regimes  in  Galveston,  Texas,  are  similar  to  those  in  Georgia,  the  same 
conditions  were  used  as  in  the  previous  study.  This  assay  was  incu- 
bated from  30  January  1976  until  31  March  1976. 

Experiment  3 

This  study  was  designed  to  simulate  conditions  which  would  occur 
if  the  dredged  material  was  deposited  above  the  tidal  influence  or 
was  deposited  in  a freshwater  area  adjacent  to  the  natural  saline 
environment.  The  study  was  done  with  freshwater  plants  (Eleocharis 
obtusa)  using  5 types  of  dredged  material  and  natural  freshwater  pond 
mud  at  the  warm  temperature  regime  previously  used.  The  types  of  dredged 
material  were  Galveston  area  sand  (saline);  Georgia  sand  (brackish); 
Georgia  sand  and  clay  (brackish);  Georgia  silt  and  clay  (saline);  and  a 
James  River,  Va.,  silt  and  clay  (fresh).  The  substrates  were  watered 
only  with  fresh  water.  The  incubation  period  was  from  1^4  April  to  15 
June  1976. 

Experiment 

As  a result  of  the  response  of  al tern  1 flora  and  patens  root 
growth  to  temperature  in  experiments  1 and  2,  experiment  k was  designed. 
The  objective  was  to  determine  if  the  root  growth  was  due  to  root  tem- 
peratures alone,  shoot  temperatures  alone,  or  a whole  plant  response. 

This  study  was  conducted  using  chambers  which  allowed  the  roots  of 
al tern i flora . Spart ina  baker i , and  patens  to  be  maintained  at  a tem- 
perature different  than  the  shoots.  Each  test  unit  consisted  of  a 
core  of  natural  plant  stand  6.8  cm  in  diameter  and  15  cm  in  length 
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placed  in  the  center  of  a square  plastic  tub  20  cm  on  a side  with  the 
space  around  the  core  filled  with  root-free  soil  from  the  natural 
plant  stand.  The  water  table  in  the  S..  alterni  flora  tubs  was  kept 
5 cm  below  the  surface  while  that  for  patens  was  held  at  10  cm. 

The  soil  in  the  S_.  bakeri  test  units  was  kept  moist  but  no  free  water 
table  was  maintained.  These  conditions  approximated  the  natural  field 
condi tions. 

Eight  test  units  were  prepared  for  each  species.  Four  of  each 
were  placed  in  a randomized  block  design  in  a growth  chamber  where 
environmental  conditions  were  those  used  to  simulate  summer  in  the 
earlier  studies.  In  a second  chamber,  identical  tubs  and  environmen- 
tal conditions  were  established  except  that  the  soil  temperature  was 
held  at  19^0  by  a refrigerated  water  bath.  After  the  growth  period 
of  12  weeks  the  original  cores  were  removed  from  the  center  of  the 
tubs  and  the  new  growth  in  the  surrounding  soil,  both  aerial  and 
underground,  was  harvested.  Roots  and  rhizomes  were  separated  and 
all  parts  dried  at  6cPc. 

Results  and  Discussion 

Experiment  1 

No  significant  differences  were  observed  in  the  root  growth  of 
al terni flora  under  summer  and  winter  conditions  (Table  36).  In  con- 
trast, root  growth  of  patens  was  significantly  higher  under  winter 
conditions.  These  data  indicate  that  when  S*.  patens  is  used  for 
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marsh-creation  projects  in  the  southeast,  fall  is  the  optimum  planting 
time.  The  growth  pattern  of  patens  appears  to  favor  resource  alloca- 
tion to  the  roots  and  thus  increases  substrate  stabilization. 

Experiment  2 

Root  growth  in  natural  soils  of  patens  was  greater  under  winter 
conditions  while  a 1 tern i flora  exhibited  greater  growth  under  summer 
conditions  (Table  36).  Plant  growth  on  the  three  types  of  dredged 
material  did  not  differ  significantly  from  each  other  but  was  much 
lower  than  in  the  natural  soil. 

Experiment  3 

The  results  of  the  experiment  with  the  five  types  of  dredged  mate- 
rial and  the  freshwater  pond  mud  are  shown  in  Table  37.  Root  growth  fell 
into  the  following  three  groups:  1)  greatest  on  Georgia  sand;  2)  inter- 
mediate on  pond  mud  and  James  River  mud;  and  3)  least  on  Galveston 
sand,  silt  and  clay,  and  sand  and  silt.  The  relatively  greater 
growth  on  Georgia  sand  can  be  explained  by  the  initial  low  salinity 
of  the  substrate  (l%o)  and  the  fact  that  the  salts  were  easily  leached. 
The  relatively  lower  growth  in  the  two  freshwater  muds  may  have  been 
caused  by  high  sulfide  concentrations  in  the  substrates.  Although 
sulfide  concentrations  were  not  measured,  it  was  apparent  by  the  odor 
of  the  substrate  that  free  sulfides  were  present.  The  sulfides  in  the 
freshwater  muds  may  have  been  toxic  to  root  growth.  The  reduced  root 
growth  obtained  in  Galveston  sand,  silt  and  clay,  and  sand  and  silt 
was  caused  by  the  higher  salt  content  of  these  substrates. 
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Table  36 

Underground  Biomass  (mg)  of  Plants  Grown  in  Bioassav  Units 
with  Several  Substrate  and  Temperature  Regimes 


Treatment 

S.  alterniflora 
Summer  Winter 

S.  patens 

Summer  Winter 

Exoeriment  1 

Galveston  sand 

>0^ 

X 

saturated 

130 

99 

28 

164 

139 

drained 

148 

106 

73 

248 

144 

20^ 

saturated 

158 

146 

7 

238 

137 

drained 

67 

164 

30 

272 

133 

X 

126 

129 

34 

230 

Experiment  2 

natural  soi 1 

630 

50 

100 

620 

si  It  and  clay 

''0 

NT 

NT 

80 

sand 

80 

NT 

NT 

90 

sand  and  clay 

50 

NT 

NT 

70 

Table  37 

Underground  Biomass  of  Eleocharis  obtusa  Grown  in  Bioassav 
Units  with  Various  Substrates  in  the  Test  Chambers 


Experimental  Biomass 

Subst  rate  (mg) 

Band  mud  144 

James  River  mud  I38 

Georgia  sand  392 

Galveston  sand  57 

Silt  and  clay  60 


Sand  and  clay 


78 


Experiment  k 


The  results  of  this  experiment  are  shown  in  Table  38.  The  two- 
way  analysis  of  variance  (ANOVA)  revealed  a significant  temperature 
species  interaction.  Hence  a series  of  one-way  ANOVA  tests  were  per- 
formed. Root  growth  in  the  warm  soil  was  greater  in  all  species 
(a  = 0.1,  a 1 tern i flora ; a = 0.02,  baker i ; a = 0.05,  patens) . 
Rhizome  growth  in  bakeri  was  greater  than  the  other  two  species  at 
the  warm  temperature  (a  = 0.07).  Total  underground  production  was 
higher  for  all  species  at  the  higher  soil  temperature  (a  = 0.10, 
a 1 tern i flora ; a = O.Ol,  bakeri ; a = 0.05,  S patens) . 

Aerial  biomass  associated  with  the  original  core  and  initially  root- 
free  soil  outside  the  core  area  is  shown  in  Table  39.  The  response  of 
the  three  species  was  similar.  The  warm  treatment  resulted  in  signif- 
icantly greater  biomass  (a  = 0.01)  for  all  three  species.  The  Qjq* 

S^.  al  tern  i flora , bakeri , and  patens  was  2.00,  1.90,  and  2.5^, 
respectively.  In  the  case  of  the  root  systems,  all  three  species  showed 
a positive  response  to  warm  temperature  with  the  response  of  S.  bakeri 
and  patens  being  much  greater  than  that  of  al terni flora  (Figure  15 
and  Table  38).  The  data  from  this  experiment  indicate  the  differences 
in  root  growth  seen  in  the  earlier  experiments  were  the  results  of  the 
effect  of  temperature  on  the  shoots  or  the  combination  of  shoots  and  the 
root  system  rather  than  just  the  direct  effect  on  the  roots. 

A two-way  ANOVA  showed  no  significant  interaction,  thus  the  three 
species  behaved  the  same  to  the  temperature  differential.  The  effect 

* Qjq  = factor  by  which  respiration  changes  for  every  10°C  change  in 
temperature. 
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Table  38 

Root  and  Rhizome  Growth  (mg  dry  weight)  of  Three  Species 
of  Spartina  Grown  Under  Two  Temperature  Regimes 


Soeci es 

Roots 

Rhi Eomes 

Tota  1 

Roots 

Rhizomes 

Tota  1 

S.  al terni flora 

1430 

400 

1830 

890 

140 

1030 

S.  bakeri 

9880 

1480 

11350 

4250 

620 

4870 

S.  oatens 

2480 

no 

2590 

990 

200 

1 190 

Table  39 

Aerial  Biomass  (mg  dry  weight)  of  Three  Species  of  Spartina 
Grown  Under  Two  Temperature  Regimes 


Warm Cool 


Sped  es 

In  CO  re 

Out  of  core 

In  CO  re 

Out  of  core 

i- 

al  terni  flora 

6950 

0 

3910 

0 

1- 

bakeri 

I7I8O 

1510 

10040 

0 

130 


4340 


0 


of  cool  root  temperatures  may  have  reduced  shoot  growth  in  a number 


of  ways.  Net  CO2  assimilation  by  a variety  of  plants  has  been  shown 
to  be  regulated  by  root  temperature  (Brouwer,  1963).  The  shape  of  the 
response  curves  in  many  studies  indicates  the  root  temperature  is 
limiting  only  at  the  extremes.  It  is  not  likely  that  the  temperatures 
used  in  the  experiment  (19  and  27°C)  were  at  the  extremes  for  these 
Spart ina  species.  Other  possible  effects  of  temperature  could  have 
been  on  water  or  nutrient  absorption  and  movement  (Takeshima,  196A). 

The  temperature  differential  may  also  have  affected  the  allocation  of 
photosynthate. 

Summa  ry 

In  a test  with  a freshwater  plant  (Eleocharls  obtusa)  and  five 
dredged  material  types,  root  growth  was  greatest  in  a sandy  dredged 
material  of  low  salinity.  Approximately  1/3  as  much  growth  occurred 
in  two  freshwater  muds.  Growth  in  a saline  sand,  a saline  silty  clay, 
and  a brackish  mixture  of  sand  and  clay  produced  only  1/7  the  growth 
obtained  with  low  salinity  sand. 

patens  root  growth  was  increased  when  the  whole  plant  was 
grown  under  cooler  rather  than  warmer  environmental  conditions. 
patens  and  al terni flora  root  growth  did  not  differ  under  drained  or 
saturated  conditions  when  a sand  substrate  was  used.  Equal  growth  was 
obtained  with  either  10  or  20%^  salinity.  Growth  in  natural  soil  was 
6-12  times  greater  than  in  the  various  types  of  dredged  material  tested. 
When  the  soil  temperature  alone  was  reduced,  three  species  of  Spart i na 
(S.  al terni flora,  baker  1 , and  patens)  all  showed  reduced 
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aerial  and  underground  growth.  This  indicates  that  the  increased 
root  growth  at  low  temperatures  seen  in  two  earlier  experiments 
where  whole  plants  were  studied  was  either  a whole  plant  effect  or 
an  effect  on  the  shoots  alone,  not  simply  a direct  effect  on  the 
root  systems. 
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PART  VII:  CONCLUSIONS  AND  RECOMMENDATIONS 


A study  was  made  of  the  dynamics  of  the  underground  portion  of 
some  salt  marsh  plants  along  the  western  coast  of  the  Atlantic  Ocean. 

The  soils  supporting  those  plants  were  characterized  and  experiments 
were  conducted  on  the  substrate  selective  properties  of  the  plants. 
Conclusions  resulting  from  the  study  are  as  follows: 

1.  Three  types  of  underground  macro-organic  matter  profiles 
were  found  for  the  series  of  plants  and  sites  studied. 

a.  Type  1,  uniform  with  depth  (Creekbank  S.  al terni f lora-GA; 
Creekbank  al tern i f lora-MEl . 

b.  Type  2,  decreases  with  depth  [B.  f rutescens-GA:  £.  spi cata- 

GA;  qerardi -DL.ME:  J..  roemeri anus-GA:  vi  rqi nica-GA . 

DL;  cvnosuroides-GA:  High  marsh  al terni f lora-GA: 

pa ten s-GA. DL.ME:  vi rqinicus-GA) . 

c.  Type  3,  at  first  increasing  with  depth  and  then  decreasing 
as  with  Type  2 (£.  spi cata-DL;  £.  commun i s ; Creekbank 

al terni f lora-ME) . 

2.  Annual  increments  were  calculated  as  a minimum  estimate  of 
production . 

a.  Underground  production  usually  equalled  or  exceeded  re- 
ported aerial  productivity  estimates. 

b.  In  the  case  of  S.  patens.  vi rginica.  and  2*  spicata. 
underground  production  increased  with  latitude. 

c.  The  annual  increment  for  vi  rqi ni ca  and  D^.  spicata  was 
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greater  in  Delaware  than  Georgia,  but  the  turnover  times 
were  simi lar. 

d.  The  mean  production  for  the  18  stands  sampled  was  65^ 

2 

g/m  (range  1686-80)  while  the  mean  turnover  time  was 
57  months  (range  224-18,4). 

3.  The  macro  nutrient  content  (N,  P,  K)  of  the  MOM  decreased 
with  depth.  Since  no  similar  pattern  was  observed  with  car- 
bon, the  C:N  ratio  decreased  with  depth.  This  deeper  mate- 
rial probably  decays  very  slowly  because  of  its  composition 
and  the  anaerobic  environment  under  which  it  grows. 

4.  Most  of  the  marsh  soils  studied  could  be  categorized  as 
Sulfaquests.  The  chemical  and  physical  characteristics 
described  will  extend  the  small  data  base  available  on  marsh 
soils  in  Georgia,  Delaware,  and  Maine. 

5.  Water  movement  through  13  marsh  soils  in  Georgia,  Delaware, 
and  Maine  appears  to  be  rather  slow  in  view  of  the  long  re- 
tention of  extractable  rhodamine  WT  when  a pulse  of  dye  was 
injected  into  the  soil. 

6.  A variety  of  responses  to  a nitrogen  pulse  were  observed. 

a.  A positive  response  in  biomass  was  obtained  with 

vi rqinica  and  high  marsh  al terni flora  in  Georgia, 
as  well  as  aerardi  and  vi rqinica  in  Delaware. 

b.  Although  S.  vi rqini cus  in  Georgia  did  not  respond  with 
an  increase  in  biomass,  the  nitrogen  content  increased. 

An  increase  in  chlorophyll  was  noted  in  f rutescens 
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in  Georgia  and  spi cata  in  Delaware.  No  responses  to 
nitrogen  were  detected  in  the  Maine  samples. 

7.  Several  methods  of  assessing  marsh  plant  growth  on  dredged 
material  were  evaluated.  They  varied  from  a method 
used  in  growth  chambers  to  one  used  on-site  in  the  field. 

The  growth  chamber  method  proved  especially  useful  in  testing  I 

one  or  two  variables  on  root  growth  in  a dredged  material. 

I 

An  intermediate  method  designed  for  greenhouse  use  appeared 

to  be  least  useful  since  it  had  the  disadvantage  of  the  | 

artificial  nature  of  the  studies  out  of  the  field  without 

the  completely  controlled  conditions  achieved  in  the  growth 

chamber.  The  most  useful  method  for  examining  the  practical 

problems  faced  in  trying  to  vegetate  dredged  material  was  the 

field  bioassay.  Although  the  environmental  conditions  in  the 

field  are  not  always  known,  they  do  represent  the  combination 

of  factors  to  which  the  plants  will  be  exposed.  Some  of  the 

differences  between  growth  chamber,  greenhouse,  and  field 

studies  were  predicted  based  on  soil  tests  and  pH,  but  other 

factors  such  as  the  leaching  of  clay  from  the  top  layers  by 

rainfall  and  percolating  tidal  water  were  not.  Results  such 

as  these  emphasized  the  need  for  a bioassay  technique  which 

could  be  used  to  test  specific  plant  responses  to  specific 

dredged  material  under  specific  environmental  conditions. 
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Recommendations  as  to  the  use  of  the  material  contained  in  this 


report  are  as  follows; 

1.  Information  contained  in  Parts  II  and  III  characterizes  the 
natural  marsh  root  system  dynamics  and  soil  conditions  in 
Georgia,  Delaware,  and  Maine.  This  information  can  be  used 
to  aid  in  determining: 

a.  which  marsh  plants  will  be  likely  to  do  well  on  various 
kinds  of  dredged  material,  and 

b.  when  natural  marsh  conditions  have  been  achieved  in 
marshes  developed  on  dredged  material. 

2.  It  is  suggested  that,  as  more  data  are  collected  on  dredged 
material  considered  potential  soil  for  growing  marsh  plants, 
the  general  methods  of  soil  analysis  described  in  this  report 
be  used.  In  this  way  a large  set  of  data  can  be  accumulated 
which  will  allow  marsh  ecologists  to  do  the  same  kinds  of 
correlations  between  soil  tests  and  plant  growth  that  agri- 
cultural researchers  have  done  for  years.  In  the  soils 
examined,  the  most  useful  combinations  of  parameters  in  pre- 
dicting marsh  plant  success  were: 

a.  soil  texture, 

b.  pH  properties  (pH  in  situ,  pH  in  water,  and  pH  in  buffer), 

c.  salinity  (in  situ,  leachable,  desalination  index), 

d.  total  nitrogen  (which  can  be  obtained  by  correlation  with 
carbon) . 
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3.  In  the  future,  accurate  prediction  of  plant  performance  may 
be  made  based  on  knowledge  about  all  plant  requirements  and 
dredged  material  behavior  under  a variety  of  environmental 
conditions.  A field  bioassay  prior  to  dredging  is  strongly 
recommended  to  aid  in  predicting  the  outcome  of  planting 
specific  marsh  plants  on  a specific  dredged  material  under 
a specific  set  of  environmental  conditions. 
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APPENDIX  A:  UNDERGROUND  BIOMAS: 


Table  Ala 


Underground  Biomass  Expressed  i r.  q/ 
in  Stands  of  Marsh  Plants  i 


2 

m 


n 


for  Depth  Zones 
Delaware 


June.  1974 July  and  August.  1974 


Depth 

X 

CV 

Depth 

X 

CV 

Species 

(cm) 

(cm) 

Di  5t ichl i s 

0-5 

1825 

27.4 

0-5 

24go 

14.8 

spi cata 

5-10 

2712 

16.4 

5-10 

2880 

6.5 

10-15 

2278 

21.8 

10-15 

2527 

54.5 

15-20 

1023 

11.9 

15-20 

946 

61.3 

20-35 

1014 

51.2 

20-35 

1164 

40.7 

Juncus 

0-5 

3498 

55.6 

0-5 

2784 

11.0 

qcrardi 

5-10 

801 

36.3 

5-10 

1177 

18.0 

10-15 

466 

19.0 

10-15 

869 

53.2 

15-35 

2278 

68.1 

15-35 

1404 

38.8 

35-55 

1648 

79.2 

35-55 

222 

30.1 

Phraqni  tes 

0-5 

691 

81.2 

0-5 

174 

58.6 

ccTfnun  1 s 

5-10 

1053 

16.7 

5-10 

369 

57.0 

* (be  tween) 

10-15 

1313 

80.5 

10-15 

1064 

23.7 

15-20 

1438 

137.0 

15-20 

521 

60.9 

20-35 

lS'i5 

89.4 

20-35 

829 

27.6 

35-55 

1483 

1.1 

35-55 

346 

36.0 

55-75 

1324 

105.2 

55-75 

181 

57.2 

Phracni  tes 

0-5 

838 

38.6 

0-5 

958 

72.7 

conmuni  s 

5-10 

844 

52.9 

5-10 

928 

52.2 

*(over) 

10-15 

792 

80.5 

10-15 

1404 

77.5 

15-20 

867 

50.6 

15-20 

1048 

78.2 

20-35 

1223 

30.6 

20-35 

1320 

69.3 

35-55 

867 

33.0 

35-55 

573 

55.4 

55-75 

1358 

130.0 

55-75 

2/8 

24.9 

Sal i CO rni a 

0-5 

1571 

14.6 

0-5 

1653 

17.6 

V i r n i n i c a 

5-10 

724 

58.8 

5-10 

402 

32.6 

10-15 

367 

22.4 

10-15 

IbS 

42.2 

15-35 

380 

31.3 

15-35 

231 

32.1 

■•'■Over-plant  cores  were  taken  with  a 

stem  centered  in  the 

core  and 

betwcen-plant 

cores  wi  thout 

Stans 

in  the  core. 

X - Mean;  CV 

" Coefficient 

of  Varl ation. 
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in  Stands  of  Marsh  Plants 


conmun i s y 

^between)  10 


Juncus 


Sal  1 cornl a 


Spartina 


It  cores  were  taken  with  a stem  centered  in  the  core  and 
ilant  cores  without  stems  In  the  core. 

;en  from  other  than  original  stand  for  comparative  purposes 
CV  « Coefficient  of  Variation. 


n Stands  of  Harsh  Plants  in  De I diwa re 


Depth  X 

Im). 


Species 


Juncus 

erardi 


Sal  loorni  a 
vl  rqini ca 


Sparti  na 
patens 


10-15 

412 

29.9 

15-35 

833 

61.2 

35-55 

326 

25.4 

0-5  . 

1739 

10. 1 

5-10 

484 

17.1 

i0-)5 

226 

15.8 

15-35 

326 

31.2 

0-5 

2087 

45.0 

5-10 

675 

40.4 

10-15 

217 

39.4 

15-35 

217 

24.0 

Spartina 
at  ens 


March.  15 


Sparti  na 
patens 


0-5 

1888 

16.8 

5-10 

1236 

49.3 

10-15 

376 

56.0 

15-35 

254 

47.9 

Mean;  CV  » Coefficient  of  Variatit 
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Table  A2a 

2 

Underground  Biomass  Expressed  in  q/m  for  Depth  Zones 
in  Stands  of  l^arsh  Plants  in  Georgia 


Soecles 

June,  1974 

July  and  August . 

1974 

Depth 

X 

CV 

Depth 

(cm) 

X 

tv 

Borri chi  a 

0-5 

217 

77.1 

0-5 

412 

45.7 

f rutesccns 

5-10 

525 

90.3 

5-10 

620 

10-15 

177 

121.4 

10-15 

127 

76.4 

15-35 

45 

61.0 

15-35 

91 

4»,2 

Dlstlchlls 

0-5 

1757 

31.7 

0-5 

2164 

43.4 

spi cata 

5-10 

611 

102.4 

5-10 

738 

23.5 

10-15 

122 

55.0 

10-15 

254 

44.8 

15-35 

566 

85.4 

15-35 

489 

67.0 

Sail  corn  la 

0-5 

367 

26.4 

0-5 

308 

80,7 

vi rqinica 

5-10 

430 

66.2 

5-10 

344 

70.8 

10-15 

118 

53.3 

10-15 

118 

73.6 

15-35 

136 

76.3 

15-35 

118 

65.8 

Soartina 

0-5 

143 

79.8 

0-5 

559 

75.8 

cvnofuroi des 
♦(between) 

5-10 

143 

79.8 

5-10 

152 

56.4 

10-15 

90 

25.0 

10-15 

181 

43.2 

15-35 

974 

39.1 

15-35 

1992 

69.2 

35-55 

980 

26.8 

35-55 

1048 

65.1 

So.jrti  na 

0-5 

498 

65.5 

0-5 

1773 

46.6 

c/nosuroi  des 

5-10 

844 

62.1 

5-10 

2099 

53.1 

'••(over) 

10-15 

1 103 

104.9 

10-15 

2536 

58.5 

15-35 

2959 

71.7 

15-35 

1795 

48.9 

35-55 

2076 

40.5 

35-55 

1336 

72.0 

Sportina 

0-5 

774 

45.2 

0-5 

919 

57.7 

patens 

5-10 

294 

48.6 

5-10 

312 

47.1 

10-15 

195 

34.5 

10-15 

145 

13.9 

15-35 

244 

40.0 

15-35 

240 

29.7 

SporoboUis 

0-5 

521 

105.6 

0-5 

543 

54.6 

vi rqinicus 

5-10 

118 

25.0 

5-10 

177 

89.5 

10-15 

118 

85.4 

10-15 

72 

34.4 

15-35 

389 

65.8 

15-35 

208 

84.7 

■'Over-plant  cores  were  taken  with  a st^  centered  in  the  core  and 
between-plant  cores  without  stems  in  the  core. 

X ••  Mean;  CV  “ Coefficient  of  Variation. 

136 


Table  A2b  (Concluded) 


Sporobolus 
vi  rqinicus 


Sporo  bolus 
vi rqinicus 

ieit 


Spo robot  us 
v! rqinicus 
** 


■■Cores  taken  from  other  than  original  stand  for  comparative  purposes 
■ Mean;  CV  ■ Coefficient  of  Variation. 


Underground  Biomass  Expressed  in  q/m  for  Depth  Zones 
In  Stands  of  Marsh  Plants  in  Georgia 


December.  1 


Janua 


Spart i na 
cvnosuroi des 
■'■•(over) 


35.6 
59.2 

57.7 


152 

346 

220 

1229 

3570 


94.8 

111.4 

145.9 

139.9 
38.6 


446 

355 

718 

1895 

3978 


46.0 
37. 3 
7C.I 
31.2 
82.7 


0-5 

5-10 

10-15 

15-35 


1080 

249 

143 

181 


24.5 
9.1 

24.3 

37.5 


‘'••Over-plant  cores  were  taken  with  a stem  centered  in  the  core  and 
bctween-plant  cores  without  stems  in  the  core. 

**Cores  taken  from  different  stands  for  comparative  purposes. 

X ■ Mean;  CV  » Coefficient  of  Variation. 


Depth  V CV 

(cm)  Species 


Depth  V CV 




Sal tcorni a 
vi  rqinica 


0-5 

5-10 

10-15 

15-35 


0-5 

5-10 

10-15 

15-35 


0-5 

5-10 

10-15 

15-35 


90.0 

24.5 

46.4 

117.2 


63.6 

22.0 

67.6 

59.4 


Sparti na  0-5 

cvnosuroi des  5-10 
*(betwecn)  10-15 

15-35 

35-55 


0-5 

5-10 

10-15 

15-35 


21.6 

28.9 

50.0 

25.0 


Borrichia 
f rutescens 


0-5 

5-10 

10-15 

15-35 


132.1 

69.2 

30.0 

104.6 


0-5 

5-10 

10-15 

15-35 


76.3 

69.2 

43.2 
53.7 


Underoround  Bior.oss  Expresse’i  In  q^m  for  Depth  Zones  in  Stands  of  Harsh  Plants  In  Maine 
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APPENDIX  B:  MINERAL  COMPOSITION  OP  UNDERGROUND  MACRO-ORGANIC  MATTER 


Mineral  Compos i t ion  of  Underground  Macro-Organic  Matter 
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ral  CofTtQosi  tiori  of  Underground  Macro-Organic  Matter 


Mineral  CoToosItion  of  Underorour.d  hacro-Orqanic  Matter 
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Mineral  Conoosltion  of  Underground  Macro-Organic  Matter 
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Mineral  Comoositlon  of  Underorcund  Macro-Organic  Matter 


Numbers  in  parentheses  are  standard  errors. 


